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CHAPTER LVI 
AUXILIARY APPARATUS 



For the proper control of the alternating current in any of 
the numerous systems described in the previous chapter, various 
devices, which might be classed as "auxiliary apparatus," are 
required. These may be grouped into several divisions, 
according to the nature of the duty which they perform, as 

1. Switching devices; 



2. Current or pressure limiting devices; 

6. Reactances: 

e. Circuit breakers; 

d. Relays. 



3. Lightning protection devices; 



b. Multi-„_ T . 

c. Horn gap arresters, 

d. Electrolytic arresters; 



j. Vacuum tube a.. wl.«. j, 

/. Choke coils; 

g. "Static" interrupters. 
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4. Regulating devices; 

a. Induction voltage regulators; 

b. Variable ratio transformer regulators j dSHyj!^' 

c. Compensation shunts; 

d. Pole type regulators; 

e. Small feeder voltage regulators; 
/. Automatic voltage regulators; 
£. Line drop compensators; 

ft. Starting compensators; 
t. Star delta switches. 

5. Power factor regulating devices; 

a. Condensers; 

b. Synchronous condensers. 

6. Indicating devices; 

i p J nil per type; 

a. Moving iron instruments J inclined coll type; 

i magnetic vane type; 

b. Hot wire instruments; 

c. Induction instruments { r ^us1ontype; VPC ' 

d. Dynamometers; 

e. Instrument transformers; 

/. Watthour meters \ induction type; 

J Faraday disc type; 

S synchronous motor type; 
resonance type; 
induction type; 

h. Synchronism indicators <225S£t™j 

^rotating field type; 

i. Power factor indicators { "S&fdTyp,; 

j. Ground detectors; 

k. Earth leakage cut outs; 

I. Oscillographs. 
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CHAPTBR lvii 
SWITCHING DEVICES 



A switch is a piece of apparatus for making, breaking, or chang- 
ing the connections in an electric circuit. 

The particular form and construction of any switch is governed 
by the electrical conditions under which it must operate. 

Since the electric current cannot be stopped instantly when 
the circuit in which it is flowing, is broken, an arc is formed as 

the switch contacts separate; this tends to burn the contacts, 
and to short circuit, the severity of such action depending on 
the voltage* and the proximity of the switch terminals. Ac- 
cordingly in switch design, provision must be made to counteract 
these tendencies. Thus, 

1. The contacts should separate along their entire length, 
rather than at a point; 

2. The terminals should be far enough apart and properly 
protected to prevent short circuiting of the arcs; 

3. The break should be quick; 

4. The gap should be surrounded by the proper medium (air 
or oil) to meet the requirements of the electrical conditions. 

A great variety of switches have been introduced to suit the 
different requirements. Knife switches are used for low pressure 
service, the multiple break form being used where it is desired 
to reduce the arcing distance. 
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Ques. How should 
single throw switches 
be Installed? 

Ans. They should open 
downward so gravity will 
keep them open. 



Pics. 3,190 and 2 .200.- -General 
Electric triple polo solenoid 
operated, finals throw remote 
control switch, and push but- 
ton switch for operating tame. 
Switch is a self-contained unit 

main laminated copper brushes, 
and carbon auxiliary contact* 
to take the arc on breaking 
the circuit. The main brushes 
are BO made that each lamin- 
ation mates an end on contact 
with the switch blade without 

inations apart. A wiping effect. 



time the switch is 
the contact surfai 



In operation, 
actuated by s 



bon auxiliary 
a of blocks of 

the snitch is 

ill for closing 



normally in the open position 
and remains closed only when 
held by the operator. One of 

each control switch and must 
always be used , as the solenoid 

tinuous service. The power 
required to operate the remote 
control switch is small, being 
approximately 1.5 amperes at 
110 volts. 0.81 amperes at OW 



amperes at 220 volts alternat- 
ing current 00 cycle*. The 
main switch can be closed and 
opened by hand, and the push 
button located at any point. 
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Ques. How should double throw switches be Installed? 

Ans. Horizontally. 



Pigs. 2*201 and 2,202.— Palmer service switch and fuse box, for either plug, cartridge « 
open link fuses- Pig. 2,201 illustrates the box in open position for the inspection of fun, 
etc. The cover ia held open by a simple lock so that the snitch cannot fall closed by 

terminal chamber from any direction, and all current carrying parts made accessible by 

the oucnin — * •'- - —-'■■' ■=--■■ "- - '• ""■• ■"■■-'■- <-■■ .----- -. -i- -■-- -i i — 

removed. 

load until the" bo*~i 

Died to the service and m 

Ques. What is a plug switch? 

Ans. A switch in which the current is ruptured in a tube 
enclosed at one end, thereby confining the arc and limiting the 
supply of air. 
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circuits where there is very little energy. The usual current capacity is 
from 4 to 7J^ amperes. 

UPPER CONTACT 
AND RECEPTACU 



PP.ESSBOARD WISHER 




r plug switch. The method of rapporting the contact 

ts of a porcelain pillar of the same height as the receptacle, 
g or bus bar which in turn is fastened to the receptacle. 

Forms of Break. — On high pressure circuits there are several 
types of switch: they are classified with respect to the break, 

that is to say, according as the break takes place, 






receptacle. 



and th 



n, consists of a brass bushing well insulated f rom the pa 

the panel by a porcelain bushing. On the end of This tt 

phosphor bronie spring which, when the plug is out. nation the 

r ircuit closed. The plui consists of a brass rod well insulated and 

a brass tube, both being fastened in a handle which is stained black and polished, 

■ " ' run a twin conductor cabl iJ - -- : :->—->;- .1 .... 

brass rod. The other em 



id thm>. 



a plug i 



mthel 






hint; should be us 



-. Where 



; should be provided 
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1. In open air; 

2. In an enclosed air space; 

3. Aided by a metal fuse; 

4. Aided by a horn; 

5. In oil. 



Pig, 2.206. — Westmgbouse fused starting switch for 



el cage motors. It is arranged for 



c Code fuses on one end only and has springs on the other end to open 

natlcaUy if left closed at this end. The corresponding tern*--' " '' 

..l. ,-... „- ._. uj grooves in the back of the alate basf 

it of these terminals only, thus ' 

i in fig^ 2,207. !" — " 

ma protecting the ci 
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Ques. What is the objection to open air break? 
Ans. The relatively long gap required to extinguish the arc, 
limiting this form of switch to low or moderate pressure circuits. 

The open air arc may cause very high voltage oscillations when the 
circuit contains inductance and capacity unless the break occur at 
zero value. 



Pig. 2,208- — Westinghouse single pole disconnecting switch. Disconnecting switches an used 
primarily for isolating apparatus from the circuit for purposes of inspection and repair; 
also for pectionalizing feeders. They are not designed for opening under load, and there- 
fore no attempt should be made to open them with current in the circuit. In connection 
with lightning arrester installations, disconnecting switches are particularly useful, pro- 
viding a ample and effective means for isolating the arresters while cleaning and in- 
specting. The switch is opened and closed with a hoolc on the end of a wooden pole, 
which hoolr engages in a hole provided in the switch blade. This type of disconnecting 
switch is intended for wall mounting. The live parts are mounted on porcelain insula. 

Ques. What are disconnecting switches? 

Ans. Knife switches in series with other switches so that the 
apparatus controlled by the latter may be repaired in safety 
by entirely disconnecting it from the bus bars or live circuit. 
Such switches are not intended to rupture the load current. 
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19 and 2,210— Westioghou 



gs. 2,211 and 2,212.- Westinghouse selector type disconnecting switch. Fig. 2,311, view 
showing both side* closed; fig. 2,212, view with one side open. The selector typo of 
disconnecting switch is a transfer switch which doe* not require the circuit to be inter- 
rupted while making the change. It can also be used to connect two independent cir- 
_.*» i« ««iui Trt irmotvt+is*. it i a :« Mjr*s.t *™ rt ; nn ,u *hrow, single pole disconnect- 

jnted on the sair- ---'-■ 

.0 hold either blade of tl 

.. f ■ *■■ 

It should n< 



ma switches with the hinge jaws connected together and mounted 01 

The hinge jaw is also provided with dummy jaws to hold either bl 

the open position. Except for these differences in the hinge jaws, h« ^ lla 

similar to the switch shown in fig. 2,209. It should not be used to open the cl 

loaded. 

(VMMHilllHMIH 

2,213.- Hook stick for operating a disconnecting switch. 
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Ques. What are the features of the enclosed air break? 

Ans.- The switch is more compact than the open air break 
type, but pressure oscillations are caused on opening the circuit 



Fig. 3.214— Baum 35,000 volt, iOOampere.double biealcpole type switch. While designed for 
disconnecting purposes only, it can break considerable amperage. The levers and coupling* 
are fastened with tape pins. The control shaft coupling is adjustable to any angle, and the- 
■witch can be locked in the open or closed position. A removable wooden handle is sup- 
plied and the switch can be handled in any weather. The arms can be extended to hold 
fuse fittings, or dead end insulators in the event of a heavy strain, but it is preferable to 
have fuses on another struct una as a precaution against coming in contact with the 
energized portion of the switch, and it is also preferable to take the strain of the line 
a pole a few feet from the switch, rather than on the switch structure, particularly 

fitted to this 



in the larger sires. An insulating wood nectico. in the control shaft separates 

troi handle fr— "- " J - -' -'■■ -* '■ r ' ' ...*... 

type of Bwiti 

sidcrabSe load 



1 the remainder of the switch. Discharging horns can b. 
and when bo equipped they have been found capable of 



Ques. How is the fuse arranged in the metal fuse 
break type of switch? 

Ans. It is placed in a tube fitted with powdered carbonate 
of lime or some other insulating powder. 
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a. 2J1U.— Pacific swivel typo blade for Baum pole top 6wi 
hero shown, 13 especially adapted to switches operatin. 
It will be seen that the first few degrees through whicn toe ror 
"a of twisUw the blade between the shots 0/ the contact 



it effect of ti 
;h freezing, 



Pro. 2,218.- -Padfic 22.000 volt, 100 at 



— _ ampere, pol 

-w^_ — st the need for a, smalT group c 

end features making it suitable for use wit] 
tnnchea. The switch I* made with claim 
' M tube* and fittings, but st 



be snortened. Provide 

■■•-■- — eunted v. , _ 

id a line on the ti 
the switch to tiio bank of transformers. The switch is so constructed that gravity tend 
hold it in either the open or the dosed position. Provision can be nude lor locking. 



d. Provision is made for fitting insulator pins to the to 
is mounted vertically, which will hold insulators at right 1 
iu. * j . u .v. . • .1. m, an,, 3^ 
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O. 2.217.— Horn break switch. In operation, the arc furra 
the eitremities of the horns because of the fact that a cirt 
embrace the largest possible Dumber of lines of force get I 
starts between the homa where they are near together ri 



it break, will travel toward 
y it. Hence, the arc that 



Fie 2.218.— Westinshoti 



. It is used for starting n 

.eps. The cups can be c 

s«ly short circuited as ■_ 

ircuit is thus gradually reduced. 

to carry the full load current and 



t starting si 



i. for 



if large cs 



to permit cutting out tho starting re _. 

to any type of resistor, the steps of which are 
closes; the amount of resistance in the arma- 
pauae should be made after each step of resist, 

ed to accelerate. If the starting switch do not 

.ii be abort circuited by another switch, a start- 



is of the single pole, single throw, r 



r connected, four point. 
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Ques. Describe Its operation. 

Ans. The moving arm of the switch draws the fuse through 
the tube, thus opening the circuit without much disturbance. 



Ques. What is the objection to the metal fuse switch? 

Ans. The powder is set flying by the explosion of the arc, 



1,600 HAWKINS ELECTRICITY 

which, as it settles, gets into the bearings of any machine that 
may be in the vicinity. 

Ques. What Is a horn break switch? 

Ans. One provided with horn shaped extensions to the 
contacts, as shown in fig. 2,219. 

The_ arc formed on breaking the circuit, as it travels toward the ex- 



tremities of the horns, becomes attenuated and is finally ruptured. 




Fie. 2,220.— Kelmar 
blades gives a d_ 



dignment with the blades at all times. The pantograph a 
l corrugated porcelain insulators on a hardwood base or insu 



d poroelai 

uorisht or lifting heart which serves to lift the 
The leads are heavily insulated. 
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Ques. What are the objections to this type of switch? 

Ans. The considerable space required for the homs and 
arcs, and the line surges caused by the arc. 



Fig. 2-221. — Sectional view of Pacific weatherproof oil switch for use in places expand to 
the weather. All moving and contact parts are supported from the cast iron top and 
an readily removable for inspection or ropair 

Oil Switches. — The extensive use of high pressure currents 
and alternating current motors and other devices introducing 
inductance make it necessary to use switches radically different 
from the ordinary air break types. 
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The opening of circuits of considerable current value with 
inductive loads is not possible with old style switches which 
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were quite adequate for the service for which they were de- 
signed. These circuits are controlled with ease and certainty 
by the oil switch. 



of switch is suited for a wide range of application, being made in both switchboard and 
wall mounting styles; also for remote mechanical control by the use of bell cranks and 
connecting rods. The nail mounting style is adaptable to motor installations on account 

_* .v_ '-alky with which it may be mounted on any support. ■"* *- *' — 

The lever and handle extend outward over the oil 

lily be mounted against a WalL post or ai 

iitio feature! of this type ofswiteh are: knife blade 
carried on a porcelain base 



readily be mounted against a WalL post or any vertical support. Ttie cl 
features of this type ofswiteh are: knife blade contacts submerged in oil; live parts 
id on a porcelain base affording a permanent insulation between adjacent poles, and 
leen the frame and live parts; compactness and accessibility; enclosure of all live 
d parts; and low first cost, Each contact jaw has attached to it an arcing piece 
h takes the final break, thus preventing any burning of the jaws. These arcing 
•• <™ in*.™™™ anrl readily replaced when worn or burnt away. The contact 
- ■---- metal oil tank which has an insulating lining. The 



— -W-g parts an — — 

fcavda are brought out at the top. Connections 
the switch anda.i '-■- ; — ' ■'- -'■ ' ■- 



ilator is slipped oyer the ion t, thus providing a straight 

is obtained by the use of porcelain bases for supporting the live parts, 
switch specially treated wooden bases are used, suitable barriers being: 
the poles where necessary to prevent arcs communicating. 
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Ques. What is an oil switch? 

Ans. One in which the contact is broken under oiL 

This type of switch is the one almost universally used on high pres- 
sure alternating current circuits, because ot the fact that the oil tends 
to cause the current to break when at its zero value, thus preventing 
the heavy arcing which would occur with an air break switch, and the 
consequent surges in the line which are so often the cause of break- 
down of the insulation of the system. 



Pic 2,227. — Kelman electric control unit for oil switch. It consists ot an iron fraa which 
and closing coila and the bearings for the operating bell crank. 

' automatically opens the coil circuit at the end of the atrofce 

" -*--il lamps to indicate the open or cloned position. 

"he switch by closing the opening coif circuit. . 

ipenditure of energy of from 1,500 to 4,000 watta, de~ 



Ques. What Is the nature of an oil break? 

Ans. It is not a quick break. 

Oscillograph records show that the effect of the oil is to allow the a 
to continue during several cycles and then to break the current, usual 
at the «ero point of the wave. 
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Remote Control Oil Switches. — It is desirable in the case 
of switches on high pressure circuits to locate the parts which 
carry the high pressure current at some distance from the 
switchboard in order that they may be operated with safety. 

With respect to the manner in which the switches are operated 
they may be classed, as 

1. Hand operated; 

2. Power operated. 



J 



%. ; 



Ques. What kind of power Is used ? 

Ans. Electricity is used in most cases; in some installations, 
switches are operated by compressed air. 

Ques. For what pressures should remote control 
switches be used? 

Ans. For pressures above 1,100 volts. 
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Ques. Describe the operating mechanism of a remote 
control, hand, and electrically operated switch. 

Ans. For hand operation, the mechanism between the oper- 
ating lever and switch proper, consists simply of a system of 
finks and bell cranks. Various shapes of bell crank are used, 
to permit change in direction or position of the force applied 
to operate the switch. 



70,000 volt 
26.UUO lew, generating station. The break 
iiontai. maae Dy tae rotation 01 a flat member edgewise through the oiL The 
id, at its extreme outer position, has a free start before commencing to move the 

ig spring and the contacts begin to offer the greatest resistance, the magnetic action 
course, most powerful, and the leverage by which it is applied moves to an increas- 
dius, by means of rollers worldnH in the curved slots of the control shaft levers. 

very free and smooth. The, tripping coil does not act on the latch directly^ but 



Ques. Name two classes of electrically operated remote 
control switch. 

Ans, Those operated by solenoids, and those operated by 
motors. 

The solenoid type are, closed by the action of a plunger solenoid, 
and opened either by another solenoid called a "tripping coil" or by 
gravity. Some examples of remote control are shown in the accom- 
panying illustrations. 
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Ques. What indicating devices are used with elec- 
trically operated switches ? 

Ans. Red and green lamps; red for closed and green for 
open as shown in fig. 2,231. 



(ML SWITCH IN CLOSED P0S1T1M 
PlG. 2,231. — Diagram at connections of motor operated remote control switch. The motor 
which operates the switch is controlled by a small lever Generally mounted on the panel 
•nth the instruments which are in the circuit controlled by the switch. The standard 
pressure for operating the motors is 125 volts. 

Ques. For what service are motor operated switches 
used? 

Ans. For exceptionally heavy work where the kilowatt 
rupturing capacity is greater than that for which the other 
types are suitable. 
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Rupturing Capacity of Oil Switches.— While an oil switch 
may be designed for a given pressure and to cany a definite 
amount of current, it should not be understood that the switch 
will necessarily rupture the amount of normal energy equivalent 
to its volt ampere rating. 
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Oil switches are often used on systems with generator capacity 
of many thousand kilowatts. It is therefore essential that the 
switches shall be able to break not only their normal current, 
but also greatly increased current that would flow if a short 
circuit or partial short circuit occur. 
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estLnghouse three pole hand operated remote control oil switch, adapted for 
of alternating current circuits of small and moderate capacities, the pra- 
ich do not exceed 25.000 volts. Each unit is installed in a separate masonry 
nt. The open position of contact is maintained by gravity. Up to and 

- cntuK-itiM in prwu nf flftrt amperes, brush contact are furnished with amil- 
^ach pole has two sets of contacts, thus pr 
h types of contact, the final break of th< 



a wooden rod connected to and moved vertically by the operating mechanism. Hie 
operating mechanism of the hand operated breaker consists of a simple system of levers, 
bell crania, and rods. The necessary energy for making a positive contact is email 
owing to the use of a toggle mechanism. The leads are brought out of the top of the 

breaker through heavy porcelain insulators. On breakers above 3,500 vc 

tion. to the line wires are made *■ * - — : - ~*- : "'- ■—■ '- ' ; 

socket wrench fitting inside the in 



e by means of a -jniun which cs.ii b-c tightened with a 



/ insulated wire or cable, this arrangement ehminates all exposed live parts 
adapted to making connections readily to bus bars located above or in the : 
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Under short circuit conditions alternators develop instan- 
aneously many times their normal load current, while the 
ustained short circuit current is approximately two and a half 
three times normal, or even higher with turbine alternators. 
OFF POSITION 




^ j j x LOW WATEff 

4mmmmmmm. 



rlrch, designed (or the automatic control o( 
lating current motors operating pumps used to fill or empty tanks, sumps or other 
reservoirs. The switch la operated try the rise sad fall of a copper float which is Kns- 
nuUd to Iht switch lever by a brass rod or totter chain. As the water level rises and 
Calls, the float moves up and down. This movement is transmitted to the switch lever 
and the switch (if the movement be sufficient) is tripped to make or break tbe motor 
it is necessary that the float rod be provided with 
down in a vertical line, aa shown. The minimum 
itch will operate is approximately 10 to 12 inches. 



imum height inside 1 



a guide so that the float 

When the float is placed in a closed tank, the 

of the tank to the top should beat least 6 iochb A iHni w*«u ug uu«ww m ■>«« »»™ 
to provide sufficient clearance for the float. When this type switch Is used as a tank 
switch, the contacts are closed when the water level is low, putting the motor, driving 
the pump, in motion. When the water in the tank reaches a predetermined high level 
the float arm opens the switch contacts, and the motor is disconnected from the line. 
For sump pump purposes, the contacts open on low level and close on high level, the 
lever being reversed for this purpose. Two pole, three pole and four pole switches of 
this type are made, all arranged to completely disconnect single phase, two phase and) 

thrown across the line to start, the switch may be used without a self starter if desired. 
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Hence, circuit breakers of the so called instantaneous type musl 
be capable of rupturing the circuit when the current is at a 
maximum, whereas, non-automatic switches, or circuit breakers 
with time limit relays will be required to interrupt only the 
sustained short current circuit. The reason is evident, since th< 
delay in opening the switch allows the current to approach the 
sustained short circuit conditions. 



* ^ Google 
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CHAPTER LVIII 

CURRENT AND PRESSURE LIMITING 
DEVICES 



In any electric installation there must be provided a number 
of automatic devices to secure proper control. The great mul- 
tiplicity of devices designed for this purpose may be divided into 
two general classes, as 

1. Current limiting; 

2. Pressure limiting. 

Because of the heating effect of the current which increases 
in proportion to the square of the strength of the current, it 
is necessary to protect circuits with devices which do not allow 
the current to exceed a predetermined value. 

Accordingly fuses, circuit breakers, reactances, etc., are used, 
each possessing certain characteristics, which render it suitable 
for particular conditions of service. 

For instance, just as in analogy, steam boilers must be protected 
against abnormal pressures by safety valves, electric circuits must 
be guarded against excessive voltages by pressure limiting devices, 
otherwise much damage would occur, such as the burning out of in- 
candescent lamps, grounding of cables, etc. 

The control of steam is simple as compared to the electric current, 
the latter being the more difficult to manage because of its peculiai 
behaviour in certain respects, especially in the case of alternating 
current which necessitates numerous devices of more or less delicate 
construction for safety both to the apparatus and the operator. 
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Fuses. — A fuse is "an electrical safety valve", or more specif- 
ically, the actual wire or strip of metal in a cut out, ■which may be 
/used by an excessive current, that is to say, by a current which 
exceeds a predetermined value. A fuse, thus serves to protect 
a circuit from any harm resulting from an undue overload. 

Fuses have been treated at such length in Guide No. 2, Chapter XXV, 
that very little can be said here, without repetition. 



cunt is divided into t 

the operation of the fuse, in the iormation ot a number ot small arcs, thus facilitating 

the absorption of the metal vapor formed when the fuse blowB. The fusible atrip*, of 

which the ...;-■ . . ........ . ....,.,., 

er.lirf.-li' '■■ 
the fusibl, 

a, attached to'cover'E. by the] 

Ques. What effect have the terminals on a fuse? 

Ans. The current at which a fuse melts may be greatly 
changed by the size and shape of the terminals. 



Ques. What Is the objection to large fuses? 

Ans. The discharge of molten metal when the fuse blows is 
a source of danger. 
Ques. What should be used in place of large fuses? 



Ans. Circuit breakers. 



UUHJIC 
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Ques. What are the objections to fuses in general? 

Ans. The uncertainty as to the current required to blow 
them; the constant expansion and contraction is liable to loosen 
the terminal screws when screws are used. 

Ques. What Is the advantage of fuses? 

Ans. They form an inexpensive means of protecting small 
circuits. 




lion through plug fuse. With this type of fuse it Is impossible ■ 
net site of plug id the socket. 



Ques. Describe a plug fuse. 

Ans. It is constructed as shown in fig. 2,239, the fuse wire 
being visible and stretching between the two metal portions of 
the plug. 

Ques. What Is a cut out fuse? 

Ans. One similar* to a simple fuse, but provided with clip 
contacts as used for knife switch contacts. 
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Ques. What is an expulsion fuse? 

Ans. One in which the fuse is placed in an enclosed chamber 
with a vent hole. 

ir and molten metal are 

Ques. What Is a no arc fuse? 

Ans. A cartridge type fuse, in which the space surrounding 
the fuse wire is filled with powdered iraterial. 



#K.ma— Inside view of end ferrule of Nosrk enclosed fuse. Two prongs O and V. which 
an a part of the knife blade K. pass through the square holes in the ends of the ferrule R. 
and are riveted to the anchor plate T. The object of this plate is to stiffen the structure 
cud to increase the current carrying capacity of the metal between tlie liotcs, also ta permit 0/ 

fete material, sua as cheess cloth. The fuzz between the threads at the cheese cloth pre- 
sents the escape of the granular material through the vent holes A, but when the fuss 
•cerates, allows free egress of the dr. thereby permitting the vapor formed upon the operation 
J the fusible element to quickly and freely pass through the interstices of thefillinginaterial 
■nd become cooled, eliminating any possibility of flame issuing from the ends of the tube. 



Ques. What Is a magnetic blow out fuse? 

Ans. An enclosed fuse which is subject to the action of a 
magnetic field produced by the current, the magnetic fielo 
tending to blow out the arc when fusing occurs. 
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Ques. What is a quick break fuse? 

Ads. One having a weight suspended from its center, or 
springs attached to its ends so that the arc formed at fusing is 
quickly attenuated and extinguished. 

Ques. What is the disadvantage of a fuse as compared 
to an oil switch circuit breaker? 

Ans. When a fuse blows, the arc causes oscillations in the 
line, which cause excessive rise of pressure under certain capacity 
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Via. 2,241.— CM* break fuae. The fuse win 

and the movable «nn B, and ia held under t 
on the movable arm in a direction tending to i 
fn«* blowa, the movable arm quickly moves t 






conditions, whereas this disturbance is reduced to a min i m um 
with an oil switch. 

Ques. What metal is used for fuse wires? 

Ans. Various metals. Ordinary fuse wire is made of lead or 
an alloy of lead and tin. 
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Ques. What Is the objection to aluminum? 

Ans. It becomes coated with oxide or sulphide, which acta 
as a tube tending to retain the metal inside and prevent rupture. 

0»es. What is the objection to copper? 

Ans. Its high fusing point. 



Current Limiting Inductances. — The great increase in 
capacity of power stations, for supplying the demands of densely 
populated centers and large manufacturing districts, together 




with; the decrease in the reactance of modern alternators and 
transformers, due to improvement in design to obtain better 
regulation,, has presented a problem in apparatus protection not 
contemplated in the earlier days of alternating current distri- 
bution. This problem is entirely separate and distinct from 
that of eliminating the tendency toward short circuit, incident 
to the high voltages now common in transmission lines. It 
accepts that all short circuits must occasionally occur and 
considers only the protection of the connected apparatus against 
the medhanical forces due to the magnetic stresses of such 
enormous currents. 
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Ques. What means are employed to limit the value of 
a short circuit current? 

Ans. A current limiting inductance coil (called a reactance) 
is placed in series with the alternators or transformers. 




layer. This assures accessibilit 

,. id of the coil is securely held mpSaes by alloV clamps bolted to the __„, . 

The wood is protected from contact with the clamps by shieldaof asbestos. The ends 
of the cable between the two sections are welded by the oiy-ecetylene process. 

Ques. What are its essential features of construction? 

Ans. It consists of bare stranded cable wound around a 
concrete core and held in place by wooden supports as shown 
in fig. 2,243. 



HAWKINS ELECTRICITY 



the reactance coil is designed fc. . . .. . . 

ment prohibits the use of a magnetic core which, if economically de- 
signed for normal operation, would become saturated at higher den- 
sities, or, if designed large enough to avoid saturation at short circuit 
conditions, would become prohibitive in cost and dimensions. 

The elimination of all magnetic material from the construction of 
the concrete core reactance permits of no saturation, and assures a 
straight line voltage characteristic at all current loads. 



□. 2,544— Westinshouse mafliietlc blow out circuit breaker. designed for the protection 
of street railway and electric locomotive equipments; it nerves the combined puipoao 
of fun block and canopy switch. The contact tips art surrounded by a moulded arc 



chut* nkuk confines and directs lie arc *nl3 the magnetic Now out GdintMi 

Tbe current carrying contacts consist of copper .'trips separated by "' ~~~ " 

iliaiy contact or aidng; tip " at the end of the aw-'"!" I— t.i™. ti 
when the breaker opens, and thus confines the bi 



Ques. Where is the proper location for a current limit- 
ing reactance? 

Ans. As near the alternator as possible. 

Ques. Why? 

Ans. To lessen the possibility of a short circuit occurring 
between the reactance and the alternator. 



, Google 
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Ques. Beside limiting the current, what other service 
is performed by the reactance? 

Ans. It protects the alternator from high frequency surges 
coining in from the outside, and limits the current from other 
machines on the same bus. 



Circuit Breakers. — The importance of circuit protective 
devices, commonly called circuit breakers, is fully recognized. 
The duty of a circuit breaker is to protect the apparatus in an 
electrical circuit from undesirable effects arising from abnormal 
conditions, by automatically breaking the circuit. Accordingly 
a circuit breaker must comprise a switch in combination with 
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electrical control devices designed, to act under abnormal con- 
ditions in the circuit. 

A circuit breaker is a device which automatically opens the 
circuit in event of abnormal conditions, in the circuit. 




Fig. 2,348.— Magnetic blow out circuit t 

final break occurs in a Magnetic held 

tiufiild. W« arc act up OH bfOS» 

by the^urrent tol* broken! wMeh 
the result that the arc moves outi 
guished. The form shown in the Gel 
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cater. This is a direct current breaker in which tho 
It Is a principle In electromagnetics that a ant- 
field will tend to mote in a directum atrifhl angles to 

r manufactured, there is an electromagnet, energised 
produces a field in the neighborhood of the arc. with 

e is used on cars equipped with heavy motors. When 



5t up the magnetic nek 



Used by rt 



byro 



:unent m coil a, ana um 
►tly extinguished by the 

D D flies down andtho 



iron plate P and a similar one back of it are magne 

the break takes place between these two poles, the 

field that exists there. In operation, A and K are 

is forced up against P, P when the breaker is set 

A-B-F-D D-F-K. When the breaker trip*, the contact piece 

tendency is for an arc to form between P, F; the magnetic field 1 

and whatever burning takes place is on the contacts E, E, which I 

they may be readily renewed. To trip the breaker by hand, the 

In the design of circuit breakers, there are several methods 
used to effect the rupturing of the arc between contacts when, 
opened on heavy overload, such as 

1. Magnetic blow out; 2. Thermal break; 3. Carbon break. 
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In the magnetic blow out type, the arc is extinguished between 
auxiliary contacts confined by a chute in which the arc is 
rapidly blown out due to a powerful magnetic field from one .or 
more electromagnets. This type may be used in air or water- 
tight boxes and is peculiarly adapted for service where the arc 
must be confined. 

I 
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PiC. 2,347.- 






eak«. In construction t.Fn contact blocks its 
ed with »rteel catch piece. When the ■witch I* 



In a carbon break type, the arc is finally ruptured between 
carbon break contacts. The breaking of the circuit is accom- 
plished progressively, that is to say, it is done in three stages, 
by several sets of contact, known respectively as 



1. The main contacts; 

2. The intermediate contacts; 

3. The carbon contacts. 
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In operation, as the circuit breaker acts to break the circuit, 
first the main contacts, separate, then the intermediate contacts, 
and finally the carbon contacts between which the arc is ruptured. 

Ques. What Is the object of the intermediate contacts ? 

Ans. To prevent the forming of an arc on the main contacts. 



TtB. 2MB. — Carbon break discs of Condit circuit breaker. The two pain of similar disc* 
which slide past each other are so arranged that these surface* coincide at the instant the 
atact separate after which, as the contactarm opens further, theysrradiully 



Ques. What is the object of the carbon contacts? 

Ans. First to protect the intermediate contacts by providing 
a path for the current after the intermediate contacts separate, 
and 2, to "slow down" the current by means of the considerable 
resistance o£ the carbon, thus reducing to a minimum the arc 
which is formed when the carbon contacts separate. 
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Ques. How Is the automatic operation of a circuit 
breaker usually accomplished ? 

Ans. Usually through the medium of a solenoid, or electro 
magnet energized by current from the circuit controlled by 
the breaker. 



The essential features of construction and operation of a circuit 
breaker is shown in the elementary diagrams, figs. 2,250 to 2,253. fa 
construction as shown in fig. 2,250 it consists essentially of three sets 
of contacts, a swinging contact arm which is set in the closed position 
by the handle operating through the toggle joint, the movement of whkk 
is limited in the closing direction by the stop. The latter is made ad- 
justable by an eccentric pin or equivalent Connected to the toggfe m 
the plunger of the solenoid whose winding is energized by cumeat bom 
the circuit which the circuit breaker is to control. 
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In opera Hon, the circuit is closed by hand by turning the handle 
downward to the position shown in fig. 2,260, that is as far as it will go. 

Since the toggle has passed the center line the arm will be held nor- 
mally in this position because of the spring actictf of the contacts. Now, 
if the current rise above a pre- determined lima, the pull exerted by 
the solenoid will overbalance the tendency of the toggle to remain in 
the closed position, and pull the two toggle links downward below the 
center line, drawing the contact arm back and breaking the circuit. 



iter. In operation : the current from one aide of the 
■TblmYC." thence- "through coil D' aniTterminaL B to th^motor. TSe coil D sur- 

the force of gravitation. The volume of current required to top the circuit breaker- 
is determined tiy the position of the armature, which la subject to ready adjustment, and 
IB indicated on the calibration plate P. From the opposite side of the line, the current 

rest raining latches N andO. thereby releAtuigthe two switch, members, which at once open 
in response to tha force supplied by the spring of the cor.:.j:t members a;id auxi^.ir.- s-.irinpy 
provided for tha purpose. Positweness in opening is further assured by the blow of the 

more violent the blow and the q-jickerthe circuit breaker opens; or :h- ^re-iter the current 
the mora promptly it is interrupted. This is the I-T-E or Inverse Time Element principle. 
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ft& 2.265.— Condit BOO in 
single pole, type K, at 
pull down handle, 



t, 1.200 ampere. PlO. 2,25fl.— Condit 900 volt. 0,000 ampere, 
lit breaker with tingle pole, switch board mounting, circuit 

breaker, with pull down handle. 



breaker, with tv 
overload oo ili 
capacity 300 ar 
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The progressiva action which takes place during this operation is shown 
in figs. 2,250 to 2,253 in which the main contacts separate first, then the 
intermediate, and finally the carbon contacts as mentioned before. 



Ques. What name Is given to this type of circuit 
breaker? 

Ans. It is called an overload circuit breaker. 



Fig. 2.258.— Part* of General Electric 2,000 ampere 050 volt circuit breaker. A, cover for 
secondary contact bracket; B, spring washer for Etu; C, pin for links and G ; D, spring 

contact plate; I. acrew For H ° f . nut ior K anrrSflc! contact stuaTupper'' Laminated" 
bnuh,coinpletew;thaupport: M, leather buffer for I.; N. mam ln.k: (in for NanndLa 
left handandCb and Na right and left hand ; P, screw for N and magnet frame shaft; O. 
waaher for N end magnet frame abaft; R.screwforSandV; S, index plate i T, plate far Gb; 
0, acrew for T; V. magnet frame; W, contact Ltud. lower; X. pin for Cb, Naand V: Y, 
wesherforXandO; Z.calibratingscrewwiththumbnut; As, armature with contact plate; 
Ba, catch lever complete with catch Ca, button handle for Ba; Da.springcotterforEa; Ea, 
pin forF and Pa; Fa, operating link torG; Ga. pin for D; Ha. carbon holder with copper 
and carbon contacts; la, flexible connections for G and F; Ja. screw for G and flexible 
connection plate; Ka. screw for Na and Ha; La. copper secondary contact; Ma.screwfor 
La; Na, secondary contact lever; Oa, cross barter Ns; Pa, screw (orLand M;Qa, second- 
ary togglo link (left hand); Ra. spring cotter for WaandO; Sa, brash lever; Ta.bufferfor 
CbandSa; Ua. secondary toggle link (right hand); Va, washer for Wa; Wa.r'-'-'"- 
Oa,UaancfN; Xa.pin /orSaand Cv; Ya, spring cotter for all pins, escept Wa, 
pin and buffer; Za, secondary contact link; Ab, washer for Kb; Bb. guard fr. 
handle levari Db, catch for Cb; *" *—■*.. ~ ....j,. _:... _^.. -.. 
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Automatic Features. — There are three methods of connect- 
ing the winding of the solenoid, or trip coil as it is called 




§£2.261 



2,282.— Elementary diagrai 
control for circuit breakers. Fig. 3,269. overloacHrip; fig. 2,2t 
, low voltage trip; fig. 2,282, control from auxiliary circuit hy in. 
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1. In series with the main circuit; 

2. In shunt with the main circuit; 

3. In shunt with an auxiliary circuit. 
SERIES RESISTANCE 

-h-urLTLP- 




Pig. 2203.— Diagram of General Electric low voltage trip witb tripping smtehnormaUy open. 

The automatic controls arising from these connections give 
various kinds of protection to the circuit and are known as 

1. Overload trip; 

2. Underload trip; 

3. Low voltage trip; 

i. Auxiliary circuit trip. 
SERIES RESISTANCE 




LOW VOLTAGE COIL 



low voltage trip, with tripping iwitoh normally 



Ques. What is the object of the overload trip? 

Ans. It is intended to open the circuit when the current 
exceeds a predetermined value. 



1,« 
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Ques. What modifications are made In the mechanism 
shown In the elementary diagrams? 

Ans. Sometimes a latch is used in place of the toggle and a 
magnet in place of the solenoid as in figs. 2,265 and 2,266; 

Ques. Why is a magnet used in combination with a 
latch? 

Ans. Because with this arrangement very little movement 
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In operation, when the current exceeds* 
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is required to trip the breaker, and for such conditions, a mag- 
net is more efficient than a solenoid. 

Ques. How does the latch arrangement work? 

Ans. When the proper current is reached, the magnet pulls 
open the latch and the contact arm of the breaker moves by the 
force of gravity or other means and opens the circuit. 
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Ques. How does the underload trip operate? 

Ans. The same as the overload type except that they operate 
)n a diminution ol current instead of an excess. 



CURRENT 
. COIL 



PRESSURE 
COIL 



Pica. 2J67 and 2.2S8.- -Positions in 



.Hrcuit of current and prti 



Ques. Describe the no voltage trip. 

Ans. The energy for the trip of this breaker is derived from 
a high resistance or fine wire coil which is arranged to be placed 




Flo. a Mt.— Diagram ol General El 



onnected beyond breaker and 



directly across the line, in operation, when the current flowing 
through the circuit falls below a predetermined valve, the energy 
of the coil is insufficient to counteract the force of a spring, which 
then trips the breaker. 
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Ques. Describe the auxiliary circuit trip. 

Ans. A pressure coil is used which is energized by current 
from an auxiliary circuit. The coil is only momentarily energized, 




i the low voltage attachm* 
uccessfully applied. It roe 



ch should bi 



Fig. 2.272. — General Electric low voltage 
attachment for circuit breakers. Thlalow 
voltage trip ia designed to operate tie 
circuit breaker when the lino voltage drops 
to approximately 50 per cent or lesj of the 
normal voltage. It should bo noted that 



crload a; 






with tl 



with a. push button, auxiliary iwitch or 
speed limiting device, and ia genendlT 
preferred to the shunt trip attachment. 



voltage of the system) in 
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by push button, relay or other control, as distinguished from the 
preceding types, in which the coil is constantly energized. 



Pic 2.273 — General Electric circuit opening auxiliary switch. Thii switch opens inl amijiarT 
circuit when the circuit breaker opens, and is intended to be used in, connection with a 
ahunt trip attachment to insure the immediate disconnection of the ihunt coil from tha 
' cuit. It rojiy also be employed to serve other purposes, such as tripping another circuit 

ary switch is open. 



Ques. What other name is given to the auxiliary 
circuit trip? 

Ans. It is sometimes called the shunt trip, though ill ad- 
visedly so. 



Fig. 2,274. — General Electric circuit dosing auxiliary switch. This switch closes when tha 



may be used to announce the automatic opening of the ci 
' ' ■--" It iaofta 



breaker through the means of an indicating lamp or an alai __. 

pushed by using a circuit closragauiihary switch in connection with Blow voltage e 
trip attachment on the circuit breakers to be tripped. The construction of this 
■witch is such that it may be opened by hand after the circuit breaker jpens, but ■'* 






Relays. — Oil break switches and carbon break circuit breakers 
are commonly used to open electrical circuits at some given 
overload and on short circuit. To secure additional protection 
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under a variety of abnormal condition or to provide for a certain 
pre-determined operation or sequence of operations, relays may 
be employed. 

A relay is denned as: A device which opens or closes an 



2.275.— General Electric type C circuit breaker. Specially adapted t< 

nactlin* tool applications. Eni- i™ in mill" murtii™ nhri™. fkptn 
e buildings. Pot 



contact: C.i secondary contact spring; D . contact blade; E. cotwr 
G, pin for D and F; H, stop for Aa; I. hinge frame-, J. operating 1 
L, togHlelink; M connection; N. screw for M. O and P; O. nut f 



CURRENT AND PRESSURE LIMITING DEVICES 1,637 



auxiliary circuit under pre-determined electrical conditions in 
the main circuit. 

The object of a relay is generally to act as a sort of electrical 
multiplier, that is to say, it enables a comparatively weak current 
to bring into operation a much stronger current. 

Ques. For what service are relays largely used? 

Ans. They are employed in connection with high voltage 




NEGATIVE BUS 



4H 



it opening auxiliary e witch, 

switches where the small amount of energy derived from an 
ordinary instrument transformer is insufficient for tripping. 

The connections between relays and circuit opening devices are usually 
electrical. _ Combinations of this nature are extremely flexible since 
they permit the use of a number of devices, each having a different 
function, with a single circuit breaker or oil switch as well as with two 
or more switches, to secure the desired operation and protection. 

Selection. — In all electrical installations protection of ap- 
paratus is important, but in some large central stations this is 
secondary to continuity of service. 
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To combine maximum protection without interruptions of 
service is not always possible, but these requirements can be 
approximated very closely by the use' of reliable and simple 



FiG. 3,073.— Diagram of connections of Central Electric low voltage release coil when need 

controlling or protecting devices if proper care be taken to select 
the relays suited to the special conditions of the installation, 
To do this intelligently, a knowledge of the various types of 
relay is necessary. 
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There is a multiplicity of types and a classification to be com- 
prehensive, should, as in numerous other cases, be made from 
several points of view. Accordingly relays may be classified. 

1. With respect to the nature of the service performed, as 



2. With respect to the operating current, as 



3. With respect to the manner of performing their function, as 



i. With respect to the operating current circuit, as 



5. With respect to the abnormal conditions which caused 
them to operate, as 

o. Overload; 

b. Underload; 

c. Over voltage; 

d. Low voltage; 

e. Reverse energy; 
/. Reverse phase. 

6. With respect to the time consumed in performing their 
function, as 

a. Instantaneous (so called) ; 

b. Definite time limit; 

c. Inverse time limit 
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7. With respect to the character of its action, as 



8. With respect to whether it acts directly or indirectly o 
the circuit breaker, as 



ie low voltago coil SI lb 



Protective Relays. — These are used to protect circuits from 
abnormal conditions of voltage, or current, which would be 
undesirable or dangerous to the circuit and apparatus contained 
therein. 
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Ques. How do protective relays operate? 

Ans. They act in combination with automatic circuit 
breakers, operating when their predetermined setting has been 
reached, energizing the trip coil of the circuit breaker and open- 
ing the circuit. 

Fig. 2,279 shows the principles of relay operation. When the current 
or pressure in the main circuit reaches the predetermined value at 
which the protective system should operate, the relay magnet attracts 




the pivoted contact arm and closes the auxiliary circuit; this permits 
current to flow from the current source in that circuit and energize the 
trip coil thus opening the main circuit. 



Regulative Relays. — This class of relay is used to control 
the condition of a main circuit through control devices operated 
by a secondary circuit. 
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Ques. For what service are relays of this class em- 
ployed? 

Ans. They are used as feeder circuit or generator regulators. 

Ques. How do they differ from protective relays? 

Ana. They have differentiallyarranged contacts, that is to say, 
arranged for contact on either side of a central or normal position. 




ic deviOM (not shown). 



Communicative Relays. — These are used for signalling in 
a great variety of ways for indicating the position of switching 
apparatus or pre-determining the condition of electric circuits. 
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A.C. and D.C. Relays. — As here used, the classification 
refers to the kind of current used on the auxiliary circuit. In 
some cases direct current is used to energize the trip gear of the 
circuit breaker or oil switch, and in others, alternating current. 




10. 2,281.— Dial 

breakers, will 

use of the low voltage release 



protected by triple 

- • ■- '■' and low volti. „._ 

tripped from a distanc 



iltage release cc 

.. „ L , r.- ..-.-.,*i: allows the hriiikiif to be tnnnni !r' 

a abort circuiting switch or 

A.C. and D.C. relays are respectively known as circuit 
opening and circuit closing relays, being later fully described. 



Circuit Opening Relays. — The duty of a circuit opening 
relay is to open the auxiliary circuit, usually alternating current, 
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and thereby cause the oil switch or circuit breaker to be opened 6j 
the use of a trip coil in the secondary of a current transformer, 
by low voltage release coil. 




Fi«. 2.282.. _._ 

contacts ore in the normal _. 
predetermined abnormal CO 



illustrating the operatic 
iding the 



t openino relay. 

le coil ii short circuited. When tin 

tne main circuit, the relay 

through the trip ~~ :l ----- 



opening the breaker. 

tionary contact, the current from the transformer which suppli" . 
relay, flows through the trip coil thus opening the breaker. These 
features of operation are shown in fig. 2,282. 

Ques. Where are circuit opening relays chiefly em- 
ployed? 

Ans. In places where direct current is not available for 
j the trip coil. 
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Ques. What is the objection to alternating current 
trip coils? 

Ans. They have relatively high impedance and impose a 
heavy volt ampere load on the transformers. 

Circuit Closing Relays. — The duty of a circuit closing 
relay is to close the auxiliary circuit at the time when the pre- 
determined abnormal condition is reached in the primary 
circuit. The closing of the auxiliary circuit energizes the trip 
coil and opens the breaker. 



f. 



oad circuit opening relays, covers 
Wit trip coils have relatively high 



overload or other abnormal condition the contacts are opened ivilh a quick break. Bend- 
circuit opening relays, the trip coils of the oil switch must beset to trip somewhat lower 
than the setting of the relay. In construction the relay consists o! a solenoid with iron 
frame forming tho support lor the relay; a central plunger or armature of special con- 
struction which is picked up or released by the magnetic action of the solenoid; a plunger 
rod which actuate* the relay contacts, which are mounted on an insulated base usually 
above thesoleniod; a tube or plate for the calibration marking and adjustment; cover* 
of glass ot metal to keep out dust; terminal boards with points corresponding to tagged 
leads from relay coils and external wiring diagrams. The relay contacts are of two lands. 

Ques. What kind of current is generally used for the 
auxiliary circuit of a circuit closing relay? 

Ans. Direct current. 
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Ques. At what pressure? 

Ans. From 125 to 250 volts. 

Ques. Where is this current usually obtained? 

Ans. From a storage battery, or from the exciter. 

Ques. For what current are the contacts ordinarily 



Ans. About 10 amperes. 



Fics. 2292 to 2.300.— General Electric alternating current instantaneous overload circuit 

breaker, or it may short circuit ■ Sol* rC4tluta relMMoCUi and thereby open the oil switch 

tar system is generally used for the tripping circuit. Circuit closing contacts Save a 
cone shaped central element o( carbon or metal which makes contact with Heiibla contact 
fingers symmetrically arranged above the cone. These contacts will make and break a 

Relays are made with two or three contacts for connecting one aide of a direct current 
circuit through one or two separate circuits, or trip coils respectively, to the side of oppo- 
site, polarity. Usually only two contacts are required. Where two or more trip coili 
are used, which may not be connected permanently in parallel, the three contact relayl ' 
are selected and in some cases four contacts furnished. 

Primary and Secondary Relays.— Primary relays are some- 
times called series, relays as they have the current coils connected 
directly in series with the line, both on high and low tension 
circuits. 

Secondary relays receive their current supply from the sec- 
ondary circuits of current transformers. Alternating current 
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relays connected to secondary of pressure transformers and 
relays with both current and pressure windings are included 
in this class. 

Ques. What is the usual winding of the coils? 

Ans. The current coils are usually wound for 5 amperes and 
the pressure coils for 110 volts. 



. 2,301.— J 
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re circuit closing low voltage relay, for 600 volto 

nire is normal the contact cone is held above the 
i one half Banna], the cone and plunger rod drop 

re circuit is established. Low' voltage relays are 

might mult from the loss of alternating current 
or indicating purposes. 

Ques. 'What refinement is made in the design of relays 
and why? 

Ans. Care is exercised to reduce to a minimum the volt 
ampere load imposed by the relay on the current transformer 
to permit the use of unstranded meters and relays upon the same 
transformer. 

The use o£ circuit opening relays to cut out the trip coil of an oil 
switch during normal operation, has been described, and in the short 
time that the trip coil is in circuit, it does not affect the accuracy of the 
instrument readings. This practice, however, does not apply in the 
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case of curve drawing meters, voltage compensators or Other device 
which have in themselves sufficient load for separate current trans 
formers. In this connection it should be noted that to obtain accurst 



.... 10 voltage attachment. Thi 

,,.„. ..., r applied as an auxiliary to other types of trip. It conaiets of a fine wire 

\\ which is mounted as 4 Be If -contained part of the breaker arid which when energised, 

trips the circuit breaker. It is used to open tho breaker from some diatant point, and the 
coil ia arranged to be connected serosa the line. The coila are so arranged that the circuit 
breakers will operate on a voltage 25 % above or 25% below normal. The shunt trip coil 
n not intended to remain across the lino and should be only momentarily energised. The 
no voltage trip, receives energy f rom a high resistance or fine wire coil which ia arranged to 
be placed directly across the bne,hutin contradistinction to the shunt trip typo, in which the 
coil is momentarily er-er sized to trip the breaker, the no voltage coil ia constantly energised 
and a darcas* or failure of pressure trips tho breaker. It can be used aa a remote control 
devicethe same as the shunttrip. It3 general use, however, is tocause tho circuit breaker 
to open when the voltage of the brie fails from any cause. Its use ia recommeded on all 
motor circuits, aa it affords an additional protection against accidents, forif the voltage 
ehould fail, tho breaker immediately opens, and before the machine can start again the 
attendant must close the breaker. It will not work for the protection of storage batteries 
" generator seta charging storage batteries, as, wheothe voltage of the generator 

. Jltage of the battery etiU maintains it* full value. Theactionof thocoiliainde- 

lentof the direction of flow of current; it simply allows the breaker to stay closed ts 

. as the voltage is on the line and opens the breaker when the voltage on the line con 

No voltage circuit breakers are normally so adjusted that they will not relates until the 
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instrument and meter readings; the current transformers should not be 
loaded beyond certain limits which depend upon the volt ampere load 
and power factor of each of the connected devices. 

So great is the variety of combination used and the variations of 
these factors in their several combinations at different loads and settings, 
that special consideration of each arrangement is advisable. 



Pic 3 JOB.— General Electric altematin 
trolling 45.000 volt oil switches. Th 
current transformer are to be usee 
sufficient capacity to supply energy I 
be more economical, otherwise the i 
a specially treated wooden rod, the 
tripping circuit, usually 126 or 250 
mounting on Hat surfaces. Series i 
except in the coil winding and insul 



lays, aa shown, are ins 
rodfroi " ' ' 



wood rod fr _ , .... 

buckles an auxiliary toggle- thereby opening the main toggle and tripping the oil switch. 



Overload Relays. — Series relays are connected directly in 
series with the line and are chiefly used with high pressure oil 
break switches for overload protection. If current transformers 
are to be used on the same circuits for other purposes, and have 
sufficient capacity to admit of adding a relay coil, secondary 
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relays would be more economical; 
otherwise, the series relays are less 
expensive. 

By means of a specially treated 
wooden rod, the relay operates a 
tripping switch, closing a separate 
tripping circuit, usually 125 or 250 
volts direct current. Series relays 
are essentially the same as second- 
ary relays except in the coil wind- 
ing and insulation. 

Underload Relays. — These are 
similar in construction to low volt- 
age relays but have current instead 
of pressure windings. 

Over Voltage Relays. — These 
are usually of the circuit closing 
type and are similar to secondary 
overload relays, but have pressure 
instead of current windings. 

Low Voltage Relays. — Rel 

of this class are in most cases used 
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for the protection of motors in the event of a temporary weakening 
or failure of the pressure. They are also used in connection with 
a low voltage release or shunt trip coil on an oil switch or a 
circuit breaker. 

Reverse Energy Relays. — The chief object of- this species of 
relay is to protect the generator. When so used, the overload 



Fig. 2,305.— General Electric 

-,-..... - ...'r.?..i™^"~r , r^'i.!™jh^7is^"L...„„ 

with solenoids of high inductance. These objectionable features can best be 

■ists of a solenoid Plunger and switch, the latter insulated fram the frame- o: 
It operates satisfactorily on one-half tile rated voltage and requires only a 



operating 



adjustment is set at the maximum value to give overload pro- 
tection only at the maximum carrying capacity of the generator 
and a sensitive reverse protection to prevent a return of energy 
from the line. 
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Reverse Phase Relays. — This type of relay is used chiefly 
to prevent damage in case of reversal of leads in re-connecting 
wiring to two or three phase motors. 

Time Element. — It is often inconvenient that a circuit 
breaker should be opened immediately on the occurrence of 
what may prove to be merely a momentary overload, so that 
time lag attachments are frequently provided, particularly with 



Fie 2,308.— Alternating current series reverse phase single pole, circuit closing, tiro contact 
relay for 000 volts or less. This type of relay in used chiefly to open motor circuits for 
elevators to prevent damage >" case of reversal of leads in reconnecting wiring to wo 
or three phase motors. The relay is provided with a dust proof metal coyer. 

relays. These devices, which may form part of the relay or 
may be quite distinct from it, Tetard its action until the overload 
has lasted for a pre-determined time — several seconds or more. 

Ques. What should preferably govern the time lag? 

Ans. It should depend on the extent to which the overload is 
reduced as the time elapses. 
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Instantaneous Relays.— The so called instantaneous relays 
operate almost instantly on the occurrence of the abnormal 
condition that they are to control. 

There is of course a slight time element comparable with .that of an 
overload circuit breaker, but for practical purposes, the operation may 
be considered as instantaneous. 




Fig, 2.307.— Electric circuits of Condit typo "A" relay. The construction is described ia 
fi«. 2.309. As hen shown, the relay is not in operation, but should the current passing 

.i. 1 .t.. -;i v.. _* ...«:-:._... ...i... ., „ .,.. . ovable half of the magnetic 

the rilay urill bt trow f ormt d 
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Time Limit Relays. — Under this, classification there are two 



1. Definite time limit j 

2. Inverse time limit. 
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The relay may be adjusted to trip the awitch at any point represented betwec 

relay. The combination of the characteristics of the two types are seen in 
the first part of which is inverse, and the latter part definite from a point of th 
tiroes fuff load current. This combination of features being desirable as, fo 



e, the relays of the varying circuit breaker 
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■ definite feature of the latter Dart 
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Ques. Describe the time mechanism of a definite time 
limit relay. 

Ans. It consists of an air dash pot, and an air diaphragm or 
equivalent retarding device connected to the contact mechanism. 

Ques. How does it operate? 

Ans. In some designs, when the contacts are released, they 
descend by gravity against the action of the retarding device 



Fig. 2.309.— Condit type "A" selective relay, d« 



f t designed For use wit 
. .. 'ed. Tbe circuits and < 
;. 2.307, and its characteristics in fig. 2.308. 

i, the fields are separated from each other i 



y a apring. t 



thereby making contact a definite interval after the occurrence 
of the abnormal condition. 

Ques'. How does the inverse time limit type operate? 

Ans. The actuating and contact mechanism is attached 
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directly to an air bellows and in operation tends to compress tin 
bellows against the action of a specially constructed escape 
valve in the latter. 

Quea. Why is the arrangement called inverse time limit? 

Ans. Because the retardation varies inversely with the 



Fig. 2.310. — Gondii type '■: 



times full load c 



ligned to give sufficient ti 






Hud is adapted for the so called primary trip. It consists of an air vacuum dash pot 
with a graphite piston, the dash pot being fastened to the stationary calibrating nrg 

armature and lifts the same, the magnetic force tending to raise the armature is oppcaed 
by the vacuum created in the interior of the cylinder. As the magnetic force contuiuH- 
the vacuum is overcome due to the leakage of air past the plunger and the armature 
adually moves up until it reaches the point where it trips the circuit bnaker. If «1 



liBtely relets i'-"" ' ■ " 



ts itself by mean) of a ball valve in the top of the brass cylinder 
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pressure on the bellows, and therefore inversely with the mag- 
nitude of the abnormal condition. 

Ques. What other device may be used to retard the 
operation ? 

Ans. A damping magnet is sometimes used which acts on a 
disc or drum and which may be adjustable. 



Pigs. 2,311 and 2.312. — General Electric alternating current la* p 
reUya. Fig. 3.311, instantaneous time limit relay; rig. 2,312. i 
These relays have carbon contacts and will make or break a dm 

several circuits*™ controlled by one automatic oil break switch . ._. 

load and shunt trip or low voltage release carbon break circuit breaker. These re 
may be used for signal purposes; they are back connected """ — ~~~ L ~ 



Ques. How is the inverse time element introduced 
by this arrangement? 

Ans. The retardation is due to eddy currents induced by 
moving the disc or drum through the magnetic field. The 
reaction thus induced varies inversely with the magnitude of 



1,658 HAWKINS ELECTRICITY 

the force with which the disc or drum is urged through the field 
and hence inversely with the abnormal condition. 

Ques. What are the ordinary limits of adjustment 
for inverse time limit relays? 

Ans. From one-half second to 30 seconds, depending upon 
the time setting and magnitude of the overload current. 



2.321. — General Electric time limit overload circuit opening relays with eown. 
The construction of this relay is similar to that of the inverse time limit idiT. 
.t it has a compression spring interposed between the plunger and diaphragm. 
la compresses the spring and further motion is prevented by a stop, xnalanf 
practically independent of the amount of the overload, only the stored cnergT 
oh, if the overload continue, applies power, dependent on its own mechanics 
to the diaphragm. The time hmit therefore becomes practically a conattfn 

if this character, two relays may be used and definite tide 
limit positively sccurca. in this case, an instantaneous circuit closing, overload rdw 
would be used and a definite time limit relay, provided with a direct current coil in cir- 
cuit with the closing contacts of the first relay. The time limit relay would be of tin 
circuit closing type and control a direct current trip coil on the oil switch. 

A setting of from two to six seconds is ordinarily used, depending 
upon the requirements. Where selective operation is desired a minimum 
Getting of two seconds is recommended. 

Differential Relays.— In this type of relay there are two 
electromagnets. In normal working these oppose and neutralize 
each other. Should, however, either winding become stronger 
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or weaker than the other, the balance is upset, the magnet 
energized, and the relay comes into operation. 

A modification of such a relay for alternating current is 
shown in fig. 2,322, from which it will be seen that when the 




currents are as indicated, the circuit A has the larger pressure 
■ induced in it, whereas, should the main current reverse with 
reference to the shunt current, the circuit B would have the 
larger induced pressure. 
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*How to Select Relays. — The following general information 
on relays, together with reference to the one line diagram, 
fig. 2,323, will be of interest and assistance in making a selection 
from the various relays previously described to meet the require- 
ments of modern power house and sub-station layouts. 

Single pole relays are used on single phase and on balanced three 
phase circuits. 

Double pole relays are used on ungrounded three phase and on 
quarter phase. 



Pic 2.324 to 2,329. — General liljctric inverse time limit overload circuit closing relays. In 
this type of relay its mechanism is so designed that a delay or lapse of time in opening 
the circuit breaker after a pre-deter mined condition of the circuit nas been reached, de- 
pend! on the flow of current, that is, if the current be great, the time will be small, and 
if the current be of a moderate value, the time will be correspondingly longer. 

Triple pole relays are used on three phase grounded neutral and 
interconnected quarterphase. 

Circuit closing relays are recommended in all cases where a constant 
source of direct current is available for operating trip coils. 

The conditions for which relays have been designed for power circuits 
may perhaps be best described, by considering a one line diagram from 
the generator end to the sub-station auxiliary machines and feeders. 

Considering first alternating current circuits, the prevailing practice 

la to make the circuit breakers by which the alternators are connected 

to the low tension bus non-autematic, in order to insure minimum 

interruption of alternator service. The chance of trouble in this part 

•NOTE.— As suggested by the General Electric Co. 
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of the circuit is remote, but should it occur, the station attendant could 
generally open the circuit breaker before the machines would be injured. 

Reverse current relays of instantaneous or time limit types are 
often connected to the secondaries of current and of pressure trans- 
formers to indicate by lamp or bell any trouble that may occur in the 
generator circuit 

These relays operate with a low current reversal at full pressure and 
conversely with a proportionally greater current at voltages less than 
normal. At zero pressure, the relay would act as an overload one, set 
for high overload. At zero current, a voltage considerably in excess of 
normal would be required to operate it. 



A| 



fit! 



Pic. 2530. — Diagram showing two phase motor or feeder circuit protected by doable rota 
double coil, overload circuit breaker (or two single pale breakers interlocked! withbell 
alarm switch. 

Specifications sometimes call for automatic generator circuit 
breakers: in this case definite time limit overload relays are used. 
They are connected in the secondaries of current transformers 
and are designed to give the same time delay for all trouble 
conditions; they allow the defective circuit to be opened, if 
possible, at a point more remote from the generator than the 
generator circuit breaker. 
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When the total generator capa- 
city exceeds the rated rupturing 
capacity of the circuit breakers, one 
or more sectionalizing circuit break- 
ers are placed in each bus. 

If operating conditions admit, these 
devices are made non-automatic and are 
left disconnected except in case of emer- 
gency; but if it be necessary for them to 
be continually in service, they may be 
made automatic by means of instan- 
taneous overload relays connected to 
current transformers in the low voltage 
bus; the relays being adjusted to trip the 
circuit breaker under short circuit con- 
ditions, confining the trouble to one sec- 
tion and preventing the circuit breakers 
rupturing more than their rated capacity. 

Installations with but one bank 
of power transformers, and without 
high voltage bus, are provided with 
automatic circuit breakers operated 
by an inverse time limit relay. 

The relay is connected to the second- 
aries of current transformers, which in 
turn are connected in the low voltage side 
of the power transformer. 

Stations with more than one bank of 
tower transformers, a high voltage bus, fig. 2331. — Condit eon volt, 

i high and low voltage circuit breakers, L830 ampere, single pole type 

iv have both circuit breakers arraneed ?.£_™ l ?__ b ™S k K . pn™™««- 



may have both circuit breakers arranged aUvtmmtSlti 

to trip at the same time or one after the .,..'., ..".„.... ,,..■..,. 

other. As in the former case, they are 
operated from the inverse time limit re- 
lay connected in the low voltage side. 



supplied in place of c: 
This cylinder mecbani 






, __. _. The kind of remote control to be used depend! on local 

conditions In general, the hand operated remote control device ii preferable where con- 
dition! are auch that it can be used, and where it is necessary to use electrically operated, 
' ir operated type it recommended ii conditions be nich that alow closing is not 
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aa and »S aa shown. D is 
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wire of both phases at 3B 
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In plants in which two or more banks of transformers are 
operated in parallel between high and low voltage busses, it is 
desirable to have for each transformer bank, an automatic 
circuit breaker equipment which will act selectively and dis- 
connect only the bank in which trouble may occur. With a 
circuit breaker on each side of transformer bank, selective 
action may be secured in two ways as follows: 

1. By means of an instantaneous differential relay connected 
in the secondaries of current transformers installed on both the 
high and low voltage sides of each transformer bank. 

The relay operates on a low current, reversal on either side of the bank. 

2. By means of one inverse time limit, secondary or series 
relay installed on that side of the transformer bank which is 
opposite the source of power, the relay being arranged to trip 
both the high and low voltage circuit breakers. 

The first method has the disadvantage of high first cost due to the high 
voltage current transformers required, but is more positive than Che 
second method and is independent of the number of transformer banks 
in parallel. 

The second method is the less expensive of the two and protects 
against overloads as well as short circuits in the transformers, but it 
is less positive and introduces delay in the disconnection of the trans- 
former when trouble occurs. Furthermore, it is not selective when less 
than three banks are operating in parallel. 

The automatic circuit breakers in the outgoing line may be 
operated from inverse time -limit relays connected in the sec- 
ondaries of current transformers; or in case transformers are 
not necessary for use with instruments, series high voltage inverse 
time limit relays' connected directly in the line may be used. 

Whether to select current transformers with relays insulated 
or low voltage, or to choose series relays, is a question of first 
cost and adaptability to service conditions. Below 33,000 volts, 
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the commercial advantages in favor of the series relay are slight, 
and since it is somewhat difficult to design this device for the 
large current capacities met with at the lower voltage, it is 
generally the practice to use the relay with current transformer, 
because of its operating advantage. This practice, however, is 
not entirely followed, since some service conditions (described 
later) make the use of series relays very desirable and practical. 



Figs. 2.338 and 2.339— G 

is mounted on the 
the panel and the first 


tripping devic 
is excited by t 

prevented by 





lectric instantaneous direct current reverse current: or "dla- 
2,233, for 500 amperes; Ag. 2,339 for 2.000 ampere*. Then 
.rig directly on circuit breaker studs. These relay* conaiat 
mnt wound armature pivoted between Its poles. The nw fl~» ■ 
carrying stud of the circuit breaker between the back of 
: or supporting nut, .and is placed in a vertical position. Tbt 

if the circuit controlled by the circuit breaker. The magnet 
ig through the stud, and the armature is connected across the 
stance. Rotation of the armature in the norma] direction is 

;k the armature tends to rotate, causing it to move away froi 



should be provided for this purpose in all cases where the opening of the circuit breaker 
does not disconnect the trip coil from the source of supply . 

Inverse time limit relays are satisfactory for one, or more 
than two outgoing lines in parallel as they act selectively to dis- 
connect the defective line only, but installations with only two 
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outgoing lines in parallel have the same load conditions in both 
lines and selective tripping of the circuit breakers in the defective 
line is obtained by means of a selective relay acting instanta- 
neously under short circuit conditions only. 

The relay design and action is similar to the reverse current relay 
previously mentioned, and is connected to the secondaries of current 



bart'as in th™«Mo('cab]«r™ the side wall, or other flat surface, and the cables threaded 
through the frame. When used to trip a circuit breaker, the breaker is provided witha 
shunt trip connected across the circuit, the tripping circuit being closed through the relay 

relay is either instantaneous or time limit as desired. In the time limit relay, the time 
interval isoblainul by the leather bellows shown in the illustration. The time setting can be 
in limits by means of a valve on the bellows outlet. The operation of 
" I rttalitf raise and direction of magnetic flm sel up by a praiurt 

it Iri "ill's bars reverse, the two jiuxts of post each ether and fore* flux 
■y ocm let of the matneHc circuit. When the reversal of current is of 
e, the relay armature is lifted and the purpose of the relay accomplished. 

transformers in each high voltage line and pressure transformers in the 
low voltage bus. 

In the sub-station, the conditions are the reverse of those in the 
main station, the incoming lines becoming the source of power. 

If there be only one incoming line and no high voltage bus, the line 
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circuit breaker is generally non- automatic. With one incoming line 
and high voltage bus, the circuits from the service side of the bus are 
equipped with automatic circuit breakers and relays. These relays and 
those used for other arrangements of two or more incoming lines in 
parallel, as well as high and low voltage circuit breakers, are of the same 
design and are applied in the same manner as for the generating station. 
Regarding the relay equipments for auxiliary machines, the same 
practice is recommended with the generator end of alternating current 
motor generator sets as with the main generators, the outgoing feeder cir- 
cuit breakers being tripped from inverse time limit or instantaneous relays. 



Fig. 2,341. — General Electric direct current differential relay for balancei 

firtfi I™- lM«t vrAt. t.urw fnr mnhtitinq on panel. In many power plains uircct current, 

a by high voltage" two wire dynamos operating 

■ ■■■- — -« t wo "j ow voltage" machines on a common 

;hort circuit or heavy overload on erne side 



withbalar, 



With several synchronous machines in parallel, the relays are arranged 
to operate with the least time delay with which it is possible to get 
selective action, in order to prevent the machines being thrown out of 
step in event of trouble conditions causing a decrease of voltage. 

The various types of induction motor and various conditions under which 
they are employed, have brought about the development of several types 
of relay to protect the mo tors and the apparatus with which they are uaed. 

It is desirable to disconnect a large motor in case of voltage 
failure, and with conditions requiring either a motor operated. 
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or a solenoid operated circuit breaker, a low voltage relay is 
used to close the tripping circuit whenever the voltage decreases 
to, approximately, 50 per cent, below normal. 

Up to 560 volts, these relays may be connected across the Ene, but 
for higher voltages they are connected to secondaries of pressure 



Fig. 2.342.— Condit time 
be lined satisfactorily or 



This ^la- 



circuit opening relays. The delayed action is produced by an air vacuum dash pot with a 

by the armature. When the current reaches a point where it overcomes the weight of the 
armature and lifts the same, the magnetic force tending to lift the armature is opposed by 
the pull of the vacuum created in the interior of tke shell into which fits the graphite niidnn. 
At the magnetic pull continues the vacuum is overcome due to the leakage of a 
tbepiaton —-*-'-- 

arrangement whereby tt . .. ,, 

breaker, may be changed, thus altering the time of tripping. The current adjust) 
made fcy tiawinr tie cfutivc turns of Ilir --•■— -■■'■< *■■ •■'■<■■ 
force exerted by it being the same for i 

calibration is provided so that the relay 
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transformers. Smaller motors with which hand operated circuit breakers 
aie used, are generally provided with low voltage release attachments 
that perform the same function as the relay. 

Induction motors are sometimes subjected to high voltagt 
conditions and to protect them from injury, high or excess 
voltage relays are employed to trip the automatic circuit breaker. 



These relays are of similar design and wired in the same r 
as the low voltage relays. 

Reverse phase relays have been developed for operating con- 
ditions under which a reversal of phase would cause trouble, 
as for example, in the case of elevator motors. 

These are so designed that any phase reversal that would reverse an 
induction motor, would operate the relay and disconnect the automatic 
circuit breaker. 

The design is based on the principle of the induction motor, and it) 
the case of low voltage motors of limited capacity, the relay may be 
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_ . . jeries in the motor leads. If the voltage or capacity of 

the motor make this arrangement inexpedient, the relay may be placed 
in the secondaries of current or pressure transformers connected in the 
motor leads. 



Underload relays are often used to trip the automatic circuit 
breaker that is placed in the primaries of arc lighting circuits to 
prevent an abnormal rise of secondary voltage in case of a break 
in the secondary circuit. 



r 



Via. 2,344.— Diagram she ...„ 
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The problem of protecting induction motors, from injury, 
that may result from running on single phase, or from an over- 
load, and at the same time permit the motor to be started with 
the necessarily high starting current that may be greatly in 
excess of the overload current, has caused the development of 
the series relay. 
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This device may be connected ia aeries with the motor leads for 
voltages up to 2,500; it is designed with an inverse time limit device 
which may be adjusted to give the desired protection. 



The field for relays is more extensive for alternating current 
than for direct current power circuits, the latter being gener- 
ally confined to much smaller and simpler systems and areas 
of distribution, and generally sufficient selective action can be 
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Complete protection it secured as breaker ia connected between ai 

obtained by the use of fuses or circuit breakers arranged with 
instantaneous trip. 

Operating conditions sometimes make it advisable for the 
generator circuit breakers to open only after the auxiliary and 
feeder circuit breakers have failed to isolate the trouble. 
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Instantaneous reverse current relays are used to trip the 
machine circuit breaker o£ battery charging sets, rotaries and 
motor generator sets to prevent their running as a motor on the 
charging or direct current end. These relays can act only in 
case of current reversal. 

To prevent serious unbalancing of voltages in Edison three- 
wire systems causing trouble, differential balance relays i 
used to trip the circuit breakers on a small percentage of 
unbalancing. 
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CHAPTER LIX 
LIGHTNING PROTECTION DEVICES 

Lightning protection devices, or lightning arresters, are 
devices for providing a path by which lightning disturbances 
or other static discharges may pass to the earth. 

Lightning arresters, designed for the protection of trans- 
mission lines, must perform this function with a minimum 
impairment of the insulation of the lines. 

In general the construction of lightning arresters comprise 

1. Air gaps; 

2. Resistances; 

3. Inductances; 

4. Arc suppressing devices. 

Ques. What are the causes of static charges? 

Ans. They may be caused by sandstorms in dry climates, 
or may be due to grounds on the high pressure side of a system, 

Ques. What causes high frequency oscillations? 

Ans. They are usually due to lightning discharges in the 
vicinity of the line. 

Ques. What are the requirements of lightning pro- 
tection devices? 

Ans. They must prevent excessive pressure differences 
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between line and ground, line and line, and between conductor 
turns in the electrical apparatus. 



Air Gap Arresters. — A method of relieving any abnormal 
pressure condition is to connect a discharge air gap between 
some point on an electric conductor and the ground. The 
resistance thus interposed between the ground and the con- 
ductor is such that any voltage very much in excess of the 
maximum normal will cause a discharge to ground, whereas 
at other times the conductor is ungrounded because of the air 
gap. This forms the principle of air gap arresters. 

LINE 



— ooooooooooo — ► 

NON-ARCING METAL CYLINDERS 

Fig. 2,349— Non-arcing multigsp arrester. Based on the principle of employing for the 

alternating arc between them. This so called non-arcing property of certain metals 
was discovered by Alexander Wurtz. The action is such that the "line curnnt" which 
follows the lightning discharge follows as an arc, but is stopped at the end of one alter- 
but requiring an extremely high voltage to start a reverse arc The non-arcing metals 
ordinarily employed are alloys of zinc and copper. Plain multi-gap arresters as here 
shown operate satisfactorily with the smaller machines and on circuits of limited power, 
but for large machines of close regulation, and therefore of very large momentary over- 
load capacity, especially when a number of such are operated in parallel, such arresters 
were found insufficient, the line current following the lightning discbarge frequently was so 

and converters would drop out of step, and the- system would in this way be shut down. 
To insure the breaking of the arc, resistance was introduced in the arrester, the modified 
device being known as the low equivalent arrester as shown in fig, 2,350. 



The single gap while adequate for telegraph line protection, 
was found insufficient for electric light and power circuits, 
because since the current in such circuits is considerable and 
usually at high pressure it would follow the lightning discharge 
across the gap. Thus the problem arose to devise means for 
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short circuiting the line current resulting in various modifica- 
tions of gap arrester. 



Multi-gap Arresters. — The essential elements of an arrester 
of this type are a number of cylinders spaced with a small air 
gap between them and placed between the line to be protected 
and the ground, or between line and line. 

In operation, the muLtigap arrester discharges at a much 
lower voltage than would a single gap having a length equal 
to the sum of the small gaps. In explaining the action of multi- 
gaps, there are three things to consider: 

SHUNT RESOTUKE 
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NOM-ARCWS HCTAL CILUOERS 

:g. 2350. — Low equivalent arrester. This ia a modification of the multi-gap 
in fig. 2,349. About half of the total number of gaps are shunted by a : 

another resistance inserted between the cylinders ana the earth. With thi_ = ._ 

the middle point is at ground pleasure, and there are between line and ground only 
half of the total number of gaps. This is sufficient to prevent a bridging of the g 



1. The transmission of the static stress along the line of the 
cylinders; 

2. The sparking at the gaps; 

3. The action and duration of the current which follows the 

spark, and the extinguishment of the arc, 

Ques. What is a spark? 

Ans. The conduction of electricity by air. 

Ques. What is an arc. 

Ans. The conduction of electricity by vapor of the electrode. 
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Distribution of Static Stress. — The cylinders of the multi-gap 

arrester act like plates of condensers in series. This condenser func- 
tion is the essential feature of its operation. 

When a static stress is applied to a series of cylinders between line 
and ground, the stress is immediately carried from end to end. 

If the top cylinder be positive it will attract a negative charge on 
the face of the adjacent cylinder and repel an equal positive charge 
to the opposite face and so on down the entire row. 

The second cylinder has a definite capacity relative to the third 
cylinder and also to the ground; consequently the charge induced oa 
the third cylinder will be less than on the second cylinder, due to the 
fact that only part of the positive charge on the second cylinder induces 
negative electricity on the third, while tHe rest of the charge induces 
negative electricity to the ground. Each successive cylinder, counting 
from the top of the arrester, will have a slightly smaller charge of elec- 
tricity than the preceding one. 



. ... installation. It con- 
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is to aid the non-arcing Quality of 
follows & discharge. The are is e: 
in which the discharge takes place. 

Sparking at the Gaps. — The quantity of electricity induced on the 
second cylinder is greater than on any lower cylinder and its gap has a 
greater pressure strain across it as shown in fig. 2,357. When the volt' 
age across the first gap is sufficient to spark, the second cylinder a 
charged to line voltage and the second gap receives the static strain 
and breaks down. The successive action is similar to overturning a 
row of ten-pins by pushing the first pin against the second. This phe- 
nomenon explains why a given length of air gap concentrated in on 
gap requires more voltage to spark across it than the same total length 
made up of a row of multi-gaps. 
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Pre 1.362.— General Electric 2.200 volt arrester in the act of 
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How the Arc la Extinguished. — When the sparks extend across all 
the gaps the line current will follow if, at that instant, the line pressure 
be sufficient. On account of the relatively greater line current, the 
distribution of pressure along the gaps becomes equal, and has the 
value necessary to maintain the line current arc on a gap. 

The line current continues to flow until the voltage of the generator 
passes through zero to the next half cycle, when the arc extinguishing 
quality of the metal cylinders comes into action. 
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Pics. 2.359 and 2,357. — Diagram showing condenser action of cylinders and premirc gnditn! 

The alloy contains a metal of low boiling point which prevents the 
reversal of the line current. It is a rectifying effect, and before the 
pressure again reverses, the arc vapor in the gaps has cooled to a non- 
conducting state. 

Effect of Frequency.— The higher the frequency of the lightning 

oscillation, the more readily will the multi-gap respond to the pressure. 

Briefly stated, the problem is to properly limit the line current so 
that the arc may be extinguished ; to arrange a shunt circuit so that 
the series resistance will be automatically cut out if safety demand S 
it of a heavy lightning stroke and, while retaining these prop- 
> make the arrester sensitive to a wide range of frequency. 
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It should be noted that series resistance limits the rate of discharge 
of the lightning as well as of the line current. The greater the value 
of the line current, the greater the number of gaps required to extin- 
guish the arcs. 

Graded Shunt Resistances. — Any arc is unstable and can be 
extinguished by placing a properly proportioned resistance in parallel 
with it. All the minor discharges then pass over the resistances and 
the unshunted spark gaps, the resistance assisting in opening the line 
current after the discharge. 

Very heavy discharges pass over all the spark gaps, as a path with- 
out resistance, but those spark gaps which are shunted by, the resist- 
ance, open after the discharge. 

The line current, after the first discharge is accordingly deflected 
over the resistances, and limited thereby, the circuit being finally opened 
by the unshunted spark gaps. The arrangement of shunted resistances 
is shown in fig. 2,358. 



s i 
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Pic. 2,368. — Arrangement of graded resistances on multigap arrester. 

The Cumulative or "Breaking Back" Effect. — The graded shunt 
resistance gives a valuable effect, where the arrester is considered as 
four separate arresters. This is the "cumulative" or "breaking back" 

When a lightning strain between line and ground takes place, the 
pressure is carried down the high resistance Ii(figs. 2,365 and 2,366), 
to the series gaps GS, and the series gaps spark over. 
_ Although it may require several thousand volts to spark across an 
air gap, it requires relatively only a few volts to maintain the arc which 
follows the spark. In consequence, when the gaps GS spark over, the 
lower end of the high resistance is reduced practically to ground pressure. 

If the high resistance can carry the discharge current without giving 
an ohmic drop sufficient to break down the shunted gaps GH, noth- 
ing further occurs — the arc goes out 
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If, on the contrary, the lightning stroke be too heavy for this, the 
pressure strain is thrown across the shunted gaps, GH, equal in num- 
ber to the previous set. In other words, the same voltage breaks down 
both of the groups of gaps, GS and GH, in succession. The lightning 
discharge current is now limited only by the medium resistance M, and 
the pressure is concentrated across the gaps, GM. 

If the medium . resistance cannot discharge the lightning, the gap 
GM spark, and the discharge is limited only by the low resistance. 

The low resistance should take care of most cases but with extraor- 
dinarily heavy strokes and hieh frequencies, the discharge can break 
bade far enough to cut out all resistance. 

In the last steps, the resistance is relatively low in proportion to the 
number of shunt gaps, GL, and is designed to cut out the line current 




PIGS. 2,369 to 2,364.— Westinghouse safety spark gaps. Fig. 2,360. indoor type; fins. 2.3SO 
•ft o sftj mirrinnr tune. It is well known that with transformers, operating on high volt- 
ere may occur, on the low tension 
it the normal These momenttw 
and ground are commonly cnllod 
...... -._„---. -.. „ It of a change in the static balance 



ondary insulation of a transformer with a high ratio of transformation. This induced 
static voltage is independent of the ratio of transformation. The static ■tresses are more 
serious in a high ratio transformer simply because the insulation of its secondary is lea 
able to withstand them. A method of riliirins Ms Aattbamct is to connect a discharge 
spark gap between some point of the low tension side of the transformer to be protected 
(a middle or neutral point, if one be available) and the ground. The spark gap opening 
is such that any voltage very much in excess of the maximum normal prill cause a dis- 
charge to ground, and thus the low tension side is practically tied to ground during such 
disturbance, while at other times it is ungrounded. The Underwriters recommend the 
grounding of the neutral point of low tension circuits when the conditions are such that 
the maximum normal voltage between the point connected and ground will not eiceed 
360 volts. The rule allows one side of a 2S0 volt circuit or the middle point of a 660 volt 
circuit to bo grounded. The spark, flaps shown above are designed for use on transformer 
secondary circuits and for protecting individual series arc- lamps. These spark gaps are 
.:.._!„ „.,!.. r ...A ™,,.„, r* +*, cylinders of non-arcing metal with an. air gap PB t wafJQ, 



ingle pole, 

3nc of the' 



cylinders is connected to the ground, the other to the line. 
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through H, (resistance) and GS (gaps). Second, mere are a numDer 01 gaps in series wiuj 
capacity. This path is shown through M (resistance) and GH plus GS (gaps). Thin], 
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J Electric 12.500 volt, three phase, multi-cap 



jigsyi 



arrester in the Garfield Park sub-station of the Wesl 

consisting of gaps between knurled cylinders and connected together at their esdi by 
short metal strips. The base a of porcelain, which thoroughly insulates each cylinder, 
and insures the proper functioning of the multi-gaps. The cylinders an made of an alloy 
that contains metal of low boiling point which gives the rectifying effect, and metals of 

ually burns back and when the metal of low boiling temperature ia used up, the gap is 
increased at that point. The knurling, thus, insures longer life to the cylinder by forc- 
ing, successive arcs to shift to anew point. When worn along the entire face, the cylinder 
should be slightly turned. The low resistance soction of the graded shunt ia composed 
of rods of a metallic alloy. These rods have large current carrying- capacity, and prac- 
tically sero temperature coefficient up to red heat. The^ledJuma^3 , "■" 1 — ■'""" _ " _ ""■*" 

shrunk on the ends; the resistances are permanent in vol 
to a minimum. Too rods are glased* 1 ' - 
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immediately from the gap, GL. This "breaking back" effect is valu- 
able in discharging lightning of low frequency. 

After the spark passes, the arcs are extinguished in the reversed 
order. The low resistance, L, is proportioned so as to draw the arcs 
immediately from the gaps, GL. The line current continues in the 
next group of gape, GM, until the end of the half cycle of the generator 
wave. 



Pigs. 2,308 to 2.370.— Multi-sap 



md gap units are mounted on 

down, and if the discharge bo he 

— pt opposition in the sh — "■- 



to follow the 

n withdrawn from the shunted 
enataacd, and aided by both 



resistances ii suppressed by the series gaps. 1 
w i i i u rt of discharge is determined by the at 
tier of seriea gaps as sufficient Dumber is used 



il voltage and yet give a 



I 
I 



At this instant the medium n 
of the gaps, GM, by shunting c 
alternator. 

On account of this shunting effect the current dies out sooner in the 
gaps, GM, than it otherwise would. 

In the same manner, but to a less degree, the high resistance, H, draws 
the line current from the gaps, GH. 

This current now being limited by the high resistance, the arc is easflj- 
extinguished at the end of the first one-half cycle of the alternator wave. 
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Ques. What is the difference between arrester for 
grounded Y and non-grounded neutral systems? 

Ans. The connections are shown in figs. 2,365 and 2,366 
The difference in design lies in the use of a fourth arrester leg 
between the multiplex connection and ground or ungrounded 



Ques. Why Is the fourth leg introduced? 

Ans. The arrester is designed to have two legs between 



line and line. If one line become accidentally grounded, the 
full line voltage would be thrown across one leg if the fourth 
or ground leg were not present. 

On a Y system with a grounded neutral, the accidentally grounded 
phase causes a short circuit of the phase and the arrester is relieved 
of the strain by the tripping of the circuit breaker. Briefly stated, 
the fourth or ground leg of the arrester is used when, for any reason, 
the system could be operated, even for a short time with one phase 
grounded. 
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Ques. Describe the multiplex connection. 

Ans. It consists of a common connection between the phase 
legs of the arrester above the earth connection and provides 
an arrester better adapted to relieve high pressure surges be- 
tween lines than would otherwise be possible. 
Its use also e 



PlC*. 2.3T2 and 2,373.— Westinghouse multi-Rap lightning arrester and views showing parts. 
In construction, a series of gaps, between non-arcing metal cylinders arranged in a row, 
is connected between line and ground in series with a composition stick resistor having 
a resistance of something between 80 and 1 20 ohms. In operation, if an excessive pres- 
sors be developed on a line, electric discharge arcs form between the metal cylinders, 
and the charge of electricity flows to ground, relieving the excessive stress. The resist- 

arc is thus counteracted. The composition resistors and the gap cylinders are mounted 
id pairs on a porcelain base, and complete units are arranged within weather proof 

srooden bones as indicated. For two pole ai ' — --• ; ' ---'--'---'--' 

toe box. For three pole nxtd four pole hits 
•kb ride of the box. 
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j3g|3||g Horn Gap At- 
"3Jfll_i«i testers. — A hom' 
gap arrester con- 
sists essentially of 
two horn shaped 
terminals forming | 
an air gap of vari- 
able length, one 
horn being con- 
nected to the line 
to be protected 
and the other to | 
the ground usually 
through series re- ' 
sistance as shown | 
in fig. 2,378. 



Ques. How 
does the horn 
gap arrester 

operate? 

Ans. The arc 
due to the line 
current which fol- 
lows a discharge, 
rises between the 
diverging horn and 
becoming more 
and more attenu- 
ated is finally ex- 
tinguished. 
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1,61 




Ques. What Is 
the objection to 
the horn gap on 
alternating cur- 
rent circuits? 

Ans. The arc lasts 
too long for syn- 
chronous apparatus 
to remain in step. 

Ques. What 
provision was 
made to shorten 
the duration of 
the arc ? 

Ans. A series re- 
sistance was insert- 
ed in the arrester 
circuit as shown in 
fig. 2,377. 

Ques. What 
difficulty was 
caused by the 
series resistance? 

Ans. With suffi- 
cient series resist- 
ance to prevent 
loss of synchro- 
nism, the arrester 
failed to protect 
the system under 
severe conditions. 
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Ques. With these objections what use was found for 
the horn gap arrester? 

Ans. It is used as an emergency arrester on some overhead 
lines, to operate only when a shut down is unavoidable, also 



TlG. 2.378. — General Electric horn gap with charging resistance for cable system. Arrester! 



The necessity for this difference 

h higher electrostatic capacity 



M-head circuits only in t 
' -hetacttt 



desirable to avoid these heavier currents, especially during 
: at the horn cap. Tbia is accomplished by using a special 
his eonsista of an auxiliary horn mounted above and insfr 

connected in series with this auxiliary horn ao that JM 



m charging; current. In the use of this auxiliary horn pap and resistance then 
are three successive stages, as follows: 1. light discharges will pass across the snuH« 
gaps to the auxiliary horn and through the series resistance to the cells; 3, if the dis- 
charge be heavy, the resistance offers sufficient impedance to cause the spark to pan tc 
the main horn. This it accomplished with only a slight increase in pressure because 
the aop is already ionized. IE the cells be in normal condition, the spark at the gspn 
immediately extinguished without any flow of line current; 3, if the cells be in ponton*, I 
th* line current may follow the discharge across the mam gap and the arc will rise to I 
the safety horn and be extinguished through a resistance. : For mixed overhead sin 
cable systems the choice of arrester will be a matter of judgment. If there be a com' 
naratively short length of cable, the usual practice for overhead systems may be adopted. 
For direct connection to busbars, arresters with charging resistance should be used. 
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The necessity of service requires that series lightning systems be 
fully equipped against damage by lightning and similar trouble. The 
most common disturbances occurring on series circuits are the surges 
set up by the sudden opening of the loaded circuit. These disturbances 
are esp«ia]ly severe where circuits are accidentally grounded, due to 
contact of the wires where they pass through other circuits. 

Ques. How are the spark gaps adjusted? 

Ans. They are set to give a low spark pressure relative to 
the voltage of the line. 



G. 2,381.- 'General Electric born type hit 
hom type arrester consist* of a bora 
ground.- The resistances and bom ga; 



....„„-.., a to eliminate liabih'ty of damage from the arc which forms in the 

..~m gap at the time of the discharge. The spark gape ate adjusted to give a low spark 
pressure relative to the voltage of the circuit. The number and ohrmc value of the 
resistance rods used in the various arresters depend upon the voltage and current of the 



Ques. Why are horn arresters well suited to protect 
series lighting circuits against surges? 

Ans. Because the surges are damped out before the arc 
which forms across the horn gaps is interrupted. 
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Tlese arcs last for several cycles, since the length of the time of ac- 
tion of the arrester depends upon the lengthening of the arc between 
the horn gaps, limited by the series resistance. 

Since practically all disturbances on lighting circuits are of low fre- 
quency, the series resistance can be used with good results; it aids the 
horn in extinguishing the arc, limits the size of the arc and prevents 
short circuits occurring during the period of discharge. 



Pc 2,382.- -General Electric horn arrester for pole installation. Quite frequently aeries, 
circuit* are run underground in cables for some distance from the generating station. 
In order to protect trie cables it is advisable to place horn arresters at the points where 
the cable joins the overhead wires. The resistance units are mounts* in the wooden 
box. This design is used to economize space, sinca if the horn saps be placed in the boa 
the latter would have to be made very large to accommodate the asbestos barriers and 
backs. In iTiEtflHinu this tvpe of arrester it is advisable to place it as near as possible 
to the top of the pole so that the arc may rise unobstructed and thus avoid the likeli- 
hood of live wires coming in contact with the horns which* during the operation of the 



Electrolytic Arresters. — Arresters of this class are some- 
times called aluminum arresters because of the property of alu- 
minum on which their action depends; that is, it depends on the 
phenomenon that a non-conducting film, is formed on the surface 
of aluminum when immersed in certain electrolytes. 



1,64 
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If however, the film be exposed to a higher pressure, it may be 
punctured by many minute holes, thus so reducing its resist- 
ance that a large current may pass. When the pressure is 
again reduced the holes become resealed and the film again 
effective. 

^-HORNS. 




— DISCONNECTING POSITION 



.OPERATING POSIT10V 




a and plan at General Electric horn gaps and oponting 



In construction, the aluminum arrester consists essentially 
of a system of nested aluminum cup shaped trays, supported 
on porcelain and secured in frames of heated wood, arranged in 
a steel tank. 

The system of trays is connected between the line and ground, 
and between line and line, a horn gap being' inserted in the ar- 
rester circuit which prevents the arrester being subjected.to the 
line voltage except when in action. 
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The electrolyte is poured into the cones and partly fills the 
space between the adjacent ones. The stack of cones with the 
electrolyte between them is then immersed in a tank of oil. 
The electrolyte between adjacent cones forms an insulation. 
The oil improves this insulation and prevents the evaporation 
of the solution. 



Pic. 2.3SB.— Cross section of General Electric aluminum (electrolytic) lightning arrester. 

A cylinder of insulating material concentric with the cone 
stack is placed between the latter and the steel tank, the object 
being to improve the circulation of the oil and increase the 
insulation between the tank and the cone stack. The arrester, 
as just described consists of a number of cells connected in series. 

Ques. Of what does a single cell consist and what are 
Its characteristics? 

Ans. It consists of two of the cone shaped al umin um trays 
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or plates and an electrolyte, which forms a condenser thai will 
stand about 350 volts before breaking down. When this voltage 
is exceeded the cell becomes a fairly good conductor of electricity, 
but as soon as the voltage drops its resistance again resumes a 
very high value. 

Ques. What Is the critical voltage? 

Ans. The voltage at which the current begins to flow freely. 



FIG. 2,388 to 2,390.— Parts of General Electric 15,000 von aluminum ligninmg arrester, not 
including horn gaps, etc. 

Up to a certain voltage the cell allows an exceedingly low current to 
flow, but at a higher voltage the current flow is limited only by the in- 
ternal resistance of the cell, which is very low. A close analogy to this 
action is found in the well known safety valve of the steam ooiler. by 
which the steam is confined until the pressure rises above a given value, 
when rt is released. On the aluminum plates there are myriads of 
minute sa"ety valves, so that, if the electric pressure rise above the 
critical voltage, the discharge takes place equally over the entire sur- 
face. It is important to distinguish between the valve action of this 
hydroxide film and the failure of any di-electric substance. 

Ques. When a cell is connected permanently to the 
circuit what two conditions are involved? 

Ans. The temporary critical voltage and the permanent 
critical voltage. 
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For instance, if the cell have 300 volts applied to it constantly, and 

the pressure be suddenly increased to, say 325 volts, there will be a 
considerable rush of current until the film thickness has been increased 
to withstand the extra 25 volts; this usually requires several seconds. 
In this case 325 volts is the temporary critical voltage of the cell. 

Similar action will occur at any pressure up to about the perman- 
ent critical voltage, or the voltage at which the film cannot further thicken, 
and therefore allow a free flow of current. 

If the voltage be again reduced to 300 the excess thickness of film 
will be gradually dissolved, and if it vary periodically between two 
values, each of which is less than the permanent critical value, the 
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AMPERES 
ho. 3.891. — Volt ampere characteristic curve of a General Electric aluminum (electrolytic) 
cell on alternating current. The permanent critical voltage is between 335 and 360 volts. 
With alternating current, the cell acts as a fairly good condenser, and there is not only 
the leakage through the film, but also a capacity current flowing into th- ~-" -rl - 
phase of this current, then, is nearly 90 degrees ahead of the pressure ant 



temporary critical voltage will be the higher value. This feature is of 
great importance as it provides a means of discharging abnormal surges, 
the instant the pressure rises above the impressed value. 

Ques. How is the number of cell required for a given 
circuit determined? 

Ans. The number required for a given operating voltage 
is determined by allowing about 250 to 300 volts per cell. 

Ques. In putting cells in commission how is the 
electrolyte introduced ? 

Ans. It is poured into the aluminum trays and the overflow 
drawn off at the bottom of the tank. 
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Ques. Describe the further operations in putting cells 
In commission. 

Ans. After putting in the electrolyte it is allowed to stand 
for a few days until part has evaporated, then the oil is poured 
over the surface to prevent further evaporation. 



r, [or three phase ungrounded. neoStl 

- s are desfeMd^torthe protection of 

Jl lands of static disturbances, Th*y have been bW- 
phase circuits of voltages of 2,200 to 1 10,000. Tber 

„ s than 13.500. Por voltages below this the. horn gap> 

cannuL. with safety, be set dose enough together, out of doors, to take advantage of 
tbe freedom of discharge of the electrolytic element. If the bom gaps bs set too clew 
together they may be short circuited by rain. A shelter should bs built for arrester! of 
13,500 volts and below for their protection when installed outside. 

Ques. What action takes place when the trays stand in 1 
the electrolyte and cell Is disconnected from tike circuit? 
Ans. Part of the film deteriorates. 
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Ques. What is the nature of the film? 

Ans. The film is composed of two parts, one of which is 
hard and insoluble, and apparently acts as a skeleton to hold 
the more soluble part. The action of the cell seems to indicate 
that the soluble part of the film is composed of gases in a liquid 
form. 

Ques. What action takes place when a cell which has 
stood for some time disconnected, Is reconnected to the 
circuit? 



Pica. 2.393 and 2.304. — Aluminum trays for Westinghouse electrolytic lightning auejterm. 

Ans. There is a momentary rush of current which reforms 
the part of the film which has dissolved. 

This current rush will have increasing values as the intervals of rest 
of the cell are made greater. 

Many electrolytes have been studied, but none has been found which 
does not show this dissolution effect to a greater or lesser extent. 

II the cell has stood disconnected from the circuit for some time, 
especially in a warm climate, there is a possibility that the initial current 
rush will be sufficient to open the circuit breakers .or oil switches. 
This current rush also raises the temperature of the cell, and if the 
temperature rise be great, it is objectionable. 

When the cells do not stand for more than a day, however, the film 
dissolution and initial current rush are negligible. 
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Ques. What is the object of using horn gaps on elec- 
trolytic arresters? 

Ans. The use is threefold: 1, it prevents the arrester being 
subjected continually to the line voltage: 2, acts as a 'discon- 
necting switch to disconnect the arrester from the line for 
repairs, etc., and 3, acts as a connecting switch for charging. 



FlO. 2,385.— Horn gaps and transfer dene* of General Electric aluminum lightning arrejW 
for 12.500 volt non-grounded neutral circuit. The object of tne transfer deuce j u " 
provide a means for interchanging the around stacks with one of tie line stack! ot =°™~ 
daring the chaining oration so that tne films of all the cells ml! be formed to tM*P 
value. The transfer device consuls ol a rotating switch which may be turned 180 £ 
grew, thus interchanajnH the connections of the ground stack and one of the line sUcB 
For arresters up tc 27.000 volts the device is mounted with three insulators on the pn» 
frame nork, and is operated hy a hand wheel; for arresters of higher voltage, the m» 
far device ismounted directly over the tanks and if operated by bevel gears and hand vam 

Charging of Electrolytic Arresters. — In electrolytic ar- 
resters all electrolytes dissolve the film when the arrester js on 
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open circuit, the extent of the dissolution depending upon the 
length of time the film is in the electrolyte, and upon its tem- 
perature. It is therefore necessary to charge the cells from time 
to time and thus prevent the dissolution and consequent rash 
of current which would otherwise occur when the arrester 
discharges. 

Ques. Describe the charging operation for arresters 
with grounded circuits. 

Ans. It consists in simply closing simultaneously the three 
horn gaps so that the full pressure across the cells causes a 




small charging current to flow and form the films to their normal 
condition. 

Ques. Describe the charging operation for arresters 
for non-grounded circuits. 

Ans. First, the horn gaps are closed for five seconds and 
opened as;ain to normal position, thus charging the cells of the 
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three line stacks. Second, with the horn gaps still in nc 
position, the position of the transfer device is reversed and the 
horn gaps are again closed for five seconds and returned to the 
normal position. 

The complete charging operation takes but a few moments and 
should be performed daily. The operation is valuable, not only in 
keeping the films in good condition, but also in giving the operator 
Gome idea of the condition of the arrester by enabling him to observe 
the size and color of the charging spark. 



FlO. 2,397- — Highland Park sub-station, Charlotte, N. C. showing old lightning analer tort 
on the left and General Electric aluminum (electrolytic) cell lightning arretter and bos 
gaps in f oreground. 

Grounded and Non-grounded Neutral Circuits.— It 

is important to avoid the mistake of choosing an arrester for a 
thoroughly grounded neutral when the neutral is only partially 
grounded, that is, grounded through an appreciable resistance. 
Careful consideration of this condition will make the above 
statement clear. 
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In an arrester for a grounded neutral circuit, each stack of 
cones normally receives the neutral pressure when the arrester 
discharges, but if a phase become accidently grounded, the line 
voltage is thrown across each of the other stacks of cones until 
the circuit breaker opens the circuit. The line voltage is 173 per 
cent, of the neutral or normal operating voltage of the cells and 
therefore about 150 per cent, of the permanent critical voltage 
of each cell. This means that when a grounded phase occurs, 



10.2,398.— Weatinghouse electrolytic station lightning arres let f or direct current up to 1,600 

reshaped aluminum trays. The Bpaces bet ween the trays are filled with electrolyte, a suffi- 
cient quantity for one charge being furnished with each arrester. The top tray is connected 
with the line through a 60 ampere fuse, and the bottom tray is connected to the tank which 
is thoroughly grounded by means of a lug. The fuse is of the enclosed type and mounted 
on the cover of the arrester. A small charging current flows through the trays continuously 
and keeps the films on the trays built up. so that no charging is required. This charging 

mersed area of each tray is 100 square inches. The shape and the arrangement of the 

.: '-■---'---'ectrofyte between the trays. 



this 50 per cent, excess pressure is short circuited through the 
cells until the circuit breaker opens. 

The amount of energy to be dissipated in the arrester depends 
upon the kilowatt capacity of the generator, the internal 
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resistance of the cells, and the time required to operate tne circuit 
breakers. It is evident that the greater the amount of resistance 
in the neutral, the longer will be the time required for the circuit 
breakers to operate. Therefore, in cases where the earthing 
resistance in the neutral is great enough to prevent the auto- 
matic circuit breakers opening practically instantaneously, an 
arrester for a non-grounded neutral system should be installed. 



round fittings. Fig.2, 399, ground plate; Eg. 2,4 00, ground 



cap. The ground plate consists of a circular piece tS cait iron, 13 
uiuiiD in uuiiicua , 1>JS inches thick with a Si inch pipe tap in center to connection to 
arrester. The surface is increased by means of corrugations, as shown in the accom- 
panying illustrations, to 1B1 square inches, affording ample contact with the earth and 
enabling it to take care of all discharges through the arrester. The plate should prefer- 
ably be buried at the foot of the pole so that the ground wire runs to it in a straight line 
from the arrester. Care should, of course, be taken to see that the earth in which the 
plate ia buried is damp. If the ground wire be placed within the pipe leading to the 
ground plate it should be soldered to a cap at the top of the pipe to eliminate the in- 
ductive effect due to the wire being surrounded by iron. A simple and effective method 
of securing a good ground is by means of an iron pipe with a malleable iron point having 
a dipped galvanized finish, and a brass cap with a tag for soldering the ground wise. 
Tne pipe may be driven into the earth, or if it be too hard to permit driving, a hole may 
be dug and the pipe placed therein. It should extend from eight to tea feet above and 
below the earth to secure, respectively, a good ground and prevent any tampering witl 
the ground wire. Should it be desired to make use of a longer pipe which would be 
inconvenient to drive into the earth, two pieces can be used and connected together 
by a coupling. The brass cap and malleable iron point are tapped for use with J£ inch pips. 

Ground Connections. — In all lightning arrester installa- 
tions it is of the utmost importance to make proper ground 
connections, as many ligh tnin g arrester troubles can be traced 
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to bad grounds. It has been customary to ground a lightning 
arrester by means of a large metal plate buried in a bed of 
charcoal at a depth of six or eight feet in the earth. 

A more satisfactory method of making a ground is to drive 
a number of one inch iron pipes six or eight feet into the earth 
surrounding the station, connecting all these pipes* together by 
means of a copper wire or, preferably, by a thin copper strip. 
A quantity of salt should be placed around each pipe at the surface 
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of the ground and the ground should be thoroughly moistened 
with water. It is advisable to connect these pipes to the iron 
framework of the station, and also to any water mains, metal 
flumes, or trolley rails which are available. 
The following suggestions are made for the usual size station. 

1. Place three pipes equally spaced near each outside wall, making 
twelve altogether, and place three ejrtra pipes spaced about six feet 
apart at a point nearest the arrester. 
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2. Where plates are placed in streams of running water, they should 
be buried in the mud along the bank in preference to being laid in the 
stream. Streams with rocky bottoms are to be avoided. 

3. Whenever plates are placed at any distance from the arrester, 
it is necessary also to drive a pipe into the earth directly beneath the 
arrester, thus making the ground connection as short as possible 
Earth plates at a distance cannot be depended upon. Long ground 
wires in a station cannot be depended upon unless a lead is carried to 
the parallel grounding pipes installed as described above. 

4. As it is advisable occasionally to examine the underground con- 
nections to see that they are in proper condition, it is well to keep on 
file exact plans of the location of ground plates, ground wires and pipes. 
with a brief description, so that the data can be readily referred to. 



Fig. 2.405.— Genera] Electric magnetic blow out arm tar far line use. It consists essentially 
of a small spark gap which is tn strict with a resistance, and between the pales a/ a magna. 
The operation is similar to that of thaarrestershowninhgs. 2,402 to 2,404. but themagMt 
is a permanent magnet instead of an electromagnet. The spark gap and the magnet ttt 
mounted within porcelain blockB in such a way that the diachknse an: is blown by the nig- 
net through an arc chute and a cooling grid which is also held by the porcelain. Tin 
cooling, grid in the arc chute materially assists the magnet in extinguishing the discbtrp 
are, giving the arrester a high arc rupturing quality. The aeries rod ia carborundum and is 
connected externally to the other portion of the arrester. The arrester is self-contained. 



5. From time to time the resistance of these ground connections 
should be measured to determine their condition. The resistance of 
a single pipe ground in good condition has an average value of about 
15 ohms. A simple and satisfactory method of keeping account of the 
condition of the earth connections is to divide the grounding pipes 
into two groups and connect each group to the 1 10 volt lighting circuit 
with an ammeter in series. 



Choke Coils. — A lightning discharge is of an oscillator) 
character and possesses the property of self-induction, accord' 
ingly it passes with difficulty through coils of wire. Moreover, 
the frequency of oscillation of a lightning discharge being much 
greater than that of commercial alternating currents, a coil can 
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readily be constructed which will offer a relatively high re- 
sistance to the passage of lightning and at the same time allow 
free passage to all ordinary electric currents. 

Opinions on the design of choke coils for use with lightning arresters 
vary considerably. Some engineers recommend the use of very large 
choke coils, but while large choke coils of high inductance do choke 
back the high frequency currents better than smaller coils of less in- 
ductance, they cost more, and under many conditions they are a menace 
to the insulation unless the lightning arresters be installed on both 



Pic 2.400.— Westinghouse line suspension choke coil. It is BO designed that it can be in- 
serted directly io the transmission line wire or in the station winner and held in position 
therein by tha tension of the line or station wires. Because of the fact that no insulators 
are required, solely to support this choke coil, and that it can he installed in either a 
vertical or a horizontal position it can often be utilized effectively in power and sub- 
notion layouts. Terminals, each having a J4 inch round hole, to accommodaW the 
■ — provided at each end of the coil. Three square headed binding screws 
jch clamp the conductors in position. The coil is provided with astraininsu- 
led within the coil at its axis, that it assumes any mechanical tension 
m the conductors. No mechanical tension reaches the turns of the choke 

ity of 200 amperes and is suitable for a voltage of 2.000 to 22,000. For 

' ' ' ' ■ w mes. One coil is used 

. the wires of the cir- 



jach 22^600 volts or fraction thereof, of the pressi 
. Application: This type of choke coil may be ui 
lbs entire range from 2&000 to 110.000 volts. It 



for ths entire range from 22.000 to 110.000 volts. It may be used on transformers, hi 
is not recommended for the protection of generators. 
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Part of the functions of the choke coil are performed by the end 
turns of a transformer and extra insulation is invariably installed in all 
power transformers built in recent years. 

The choice of choke coils must be influenoed by the condition of 
insulation in the transformers as well as by the cost, pressure regulation, 
and nature of the lightning protection required. 

Ques. What are the primary objects of a choke coil? 

Ans. To hold back the lighting disturbance from the circuit 
apparatus during discharge, and to lower the frequency of 



Pics. 2,407 to 2.400. — General Electric choke coils. Fig. 2.407, hour slasa choke coil. 45,000 
volts; fig. 2,408, low voltage choke Coil, 6,800 volts; fig- 2.409. loir voltage choice coil, 
4,(00 votu. 

the oscillation so that whatever charge gets through the choke 
coil will be of a frequency too low to cause serious pressure 
drop around the first turns of the end coil in either alternator or 
transformer. 



Ques. What Is the principal electrical condition to 
be avoided with a choke coil? 

Ans. Resonance. The coil should be so arranged that if 
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continual surges be set up in the circuit, a resonant voltage due 
to the presence of the choke coil cannot build up at the trans- 
former or generator terminals. This factor is a menace to the 
insulation. Another way of stating the condition is as follows: 
So arrange the choke coil as not to prevent surges, originating 
in a transformer, passing to the arrester. 

Ques. What is another electrical condition to be 
avoided and why? 

Ana, Internal static capacity between adjacent turns 



Pks. 3,410.— Wetfraghouse ch „„.. , sion circuits, 2,100 to 18,000 

volts. Choke coils of this type sis wuund without iron cores on circular or elliptical 
center blocks. They have a large number of layers and few turns per layer (except 
those made for small currents, they usually have one turn per layer), which rave the best 
condition for insulating and coaling. They are air cooled, heavily insulated and have a, 
line lead at the top, as shown. Choke coils are designed to prevent the short circuits 

a lightning discharge. They limit, to some extent, an abnormal rise o( pressure on thai 
apparatus by delaying the advance of a static wave from the line and thus give the arres- 
ter more time to act. The disturbance caused by a lightning flash passes along the line 
in the form of a surge or "tidal wave." If this wave pass a choice coil, it is flattened 
out, and if the coil be of sufficient power, becomes practically harmless. It is evident, 

it must he heavily insulated ; moreover, the cholie coil must not overheat under \oa&. 
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of the choke coil, because this lowers the effectiveness of the coil. 
Ques. What is the object of making choke colls In 
the form of an hour glass? 

Ans. To prevent sagging between the supports. 



FlC 2.411.— Westinghouse air cooled choke coll particularly suitable for outdoor use. Tl 
method of mounting is such that insulation for any desired voltage is readily obtaini 
with the same type of porwluin, ;m<3 mounting in ar.v pillion i-:- pi'^i'ule. The coll is 



it for the v 



ceiling. It la In lended principal ly /or 1*< 



' transformers. Where greater reactance than is afforded by a single coil is 
aesirea on the higher voltage circuits, it is recommended that two or more coils be con- 
nected in series, one coil bein^ used for each 22,000 line voltage. This coil should nt>l 
be used for generators. The insulating columns are supported on substantia] cast iron 
blocks on wooden bases. 

Ques. How are choke coils cooled? 

Ans. By air, or by oil. 

Ques. For what service are oil cooled choke coils used? 

Ans. On circuits of pressures above 25,000 volts, choke 
coils immersed in oil, as are transformer coils, have advantages 
in that the coil is amply insulated not onlv from the ground 
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but against side flash, and that copper of comparatively small 
section may be used without undue heating. 



rigidity, consequently every coil has a capacity of 200 amperes and may be used 
circuit up to that capacity. The coil* are insulated according tc *' — *" J - - s 
for disconnecting switches, the insulators being 
a. wooden base. , This annaratu* can be m,.,mt<- 

is connected to the lin 

"Static" Interrupters. — A static interrupter is a combination 
of a choke coil and a condenser, the two being mounted together 
and placed in a tank and oil insulated. 

It is used on high pressure circuits and its function is to so delay the 
erroneously called "static" wave in its entry into the transformer coil, 
that a considerable portion of the latter will become charged before the 
terminal will have reached full pressure. 
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A choke coil alone sufficiently powerful to accomplish this 
would be too large and costly on very high pressure and would 
interfere with the operation of the system. 

Ques. How Is the condenser and choke coll connected ? 

Ans. The condenser is connected between the line and ground 
behind the choke coil near the apparatus to be protected as 
shown in fig. 2,413. 



.s 



o 


i 'ooooocr— r 


o — 


_ CONDENSER ARRESTER 


o 






o 


T 










o 














PCOHDENSES MRESTEH 


o 
o 


CHOKECOH. t 

JJQOQQQ^-L- 



FlG. 2413. — Diagram showing connection! of static interrupter for protecting ■ transfuiraor. 

Ques. What Is the effect of the condenser? 

Ans. The condenser, which has a very small electro-static 
capacity, has no appreciable effect upon the normal operation, 
but a very powerful effect upon the static wave on account of 
its extremely high frequency. 



* ^ Google 



REGULATING DEVICES 



CHAPTER LX 
REGULATING DEVICES 



Regulation of Alternators. — Practically all the methods em- 
ployed for regulating the voltage of direct current dynamo3 
and circuits, are applicable to alternators and alternating current 
circuits. For example: in order that they shall automatically 
maintain a constant or rising voltage with increase of load, 
alternators are provided with composite winding similar to the 
compound winding of direct current dynamos, but since the 
alternating current cannot be used directly for exciting the 
field magnets, an accessory apparatus is required to rectify 
it or change it into direct current before it is used for that purpose. 

It is a fact, however, that composite wound alternators do 
not regulate properly for inductive as well as non-inductive 
loads. 

In order to overcome this defect compensated field alternators 
have been designed which automatically adjust the voltage for 
all variations of load and lag. These machines have already 
been described. 



Alternating Current Feeder Regulation.— With slight 
modification, the various methods of feeder regulation employed 
with direct current, may be applied to alternating current distri- 
bution circuits. For instance, if a non-inductive resistance be 
introduced in any electric circuit, the consequent drop in voltage 
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will be equal to the current multiplied by the resistance. There- 
fore, feeder regulation by means of rheostats is practically the 
same in the case of alternating current as in that of direct 
current. In the case of the former, however, the effect of self- 
induction may also be utilized to produce a drop in voltage. 
In practice, this is accomplished by the use of self-induction 
coils which are commonly known as reactance coils. 



coll P, consisting a] many turns offim win. is connected across the main conductor* C and 
D. coming from the alternator. TH secondary coll S. consist!*! olajiw turniofktart 
wire, is connected in (arte* with the conductor D. The laminated iron con E. mounted 
within the coils, ii capable of being turned into the position shown by tba dotted Una. 
When the core is vertical, the magnetic line* of force produced in it by the primary coiL 
induces a pressure in the secondary coil which aids the voltage; when tamed to tit 
position indicated by the dotted hues, the direction of the magnetic line, of force art 
reversed with respect to the secondary coil and an opposing pressure will be produce! 
therein. Thus, by turning- the core, the pressure difference between the line wires G 
n ^i n ™ n be varied toatUbe higher or lower than that of the main conductor! C 



D. Regulators orjerating on this principle maybe used fo. , _ 

e wire single phase and polyphase) systems. 
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Application of Induction Type Regulators.— In supplying 
lighting systems, where the load and consequently the pressure 
drop in the line increases or decreases, it becomes necessary to 
raise or lower tlic voltage of an alternating current, in order 
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-*-«» AMPERES 



flowing from the alternate! 






ipondingly reduced to 91 amperes, the other 8 ampere*- 
the primary of the regulator, back to the alternator. 



to regulate the voltage delivered at the distant ends of the 

system. This is usually accomplished by means of alternating 
current regulators or induction regulators. A devise of this kind 
is essentially a transformer, the primary of _ which is excited 
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,418. — Diagram of induction regulator lowering, the voltage 10 %. The diagr 
le regulator lowering the feeder pressure to 1,880 volts with an increase of the : 
jr rent to 111 amperes, the additional 11 amperes flowing from the feeder, thi 
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by being connected directly across the circuit, while the secondary 
is in series with the circuit as shown in fig. 2,414. By this 
method the circuit receives the voltage generated in the sec- 
ondary. 

Ques. Name two types of pressure regulator. 

Ans. The induction regulator, and the variable ratio trans- 
former regulator. 

Ques. Of what does an induction regulator consist? 

Ans. It consists of a primary winding or exciting coil, a 
secondary winding which carries the entire load current. 



PlO. 2.417. — Moving element or primary of Weatinghouae motor operated single phase in- 
duction regulator. It consists of a core of punchingB built up directly on the primary 
shaft and carrying the primary winding, which is divided into four coili. The primary 
coils are machine wound and the layers of the winding are separated from each other by 
heavy insulating material in addition to the cotton covering of the inductors. The com- 
plete coils are insulated and impregnated with insulating compound before being placed 
in the alota. The coils are held m position by fibre wedges. 



The primary is wound for the full transmission voltage, and is con- 
nected across the line, while the secondary is connected in series with 
the line. 

Ques. What is Its principle of operation? 

Ans. When the primary coil is turned to various positions 
the magnetic flux sent through the secondary coil varies in value, 
thereby causing corresponding variation in the secondary volt- 
age, the character of. which depends upon the value and direc- 
tion of the flux. 



REGULATING DEVICES 1,719 

Ques. What 1b the effect of turning the secondary 
coil to a position at right angles with the primary coll? 

Ans. The primary will not induce any voltage in the second- 
dry, and accordingly it has no effect on the feeder voltage. 

Ques. What is this position called ? 

Ans. The neutral position. 

Ques. What are the effects of revolving the primary 
coil from the neutral position first in one direction then 
in the other? 



it or primary of Westinshouac motor operated polyphase indue- 

Ans. Turning the primary in one direction increases the 
voltage induced in the secondary.* thus increasing the feeder 
voltage like the action of a booster on a direct current circuit 
while turning the primary in the opposite direction from the 
neutral position, correspondingly decreases the feeder voltage. 

Ques. It was stated that for neutral position the 
primary had no effect on the secondary; does the sec- 
ondary have any effect on the feeder voltage? 

Ans. The secondary tends to create a magnetic field of its 
own self-induction, and has the effect of a choke coil. 
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Ques. How is this tendency overcome? 

Arts. The primary is provided with a short circuited winding, 
placed at right angles to the exciting winding. In the neutral 
position of the regulator, this short circuited winding acts like 
the short circuited secondary of a series transformer, thus 
preventing a choking effect in the secondary of the regulator. 
' Ques. What would be the effect if the short circuited 
winding were not exployed? 



PtG. 2,419.— Top end of stationary element or secondary of Westinghouse polyphase induo 

■"-wing leads. The secondary ia built up in a short skeleton frame 

or bearings #3lted K 



a regulator; 
w.th brackets 
top brackets. 



lling the secondary, the punchings are stacked loosely in the 

_ jipanding buildina mandrel placed inside the punchings ana 

1 thereby truing up the latter before they are finally compressed and the end 

plates keyed in position. Then, prior to removing the mandrel a finishing cut is taken 
on the surface of the frame to which the bearing brackets are attached, and as the top 
cover and brackets are also accurately machined the alignment of the primary with the 
secondary is almost perfect, thus reducing to a minimum the tendency to develop vibra- 
tion and noise. 

Ans. The voltage required to face the full load current 
through the secondary would increase as the primary is turned 
away from either the position of maximum or minimum regu- 
lation, reaching its highest value at the neutral position. 
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The short circuited winding so cuts down this voltage of self-induction 
that the voltage necessary to force the full load current through the 
secondary when the regulator is in the neutral position is very little 
more than that necessary to overcome the ohmic resistance of the 
secondary. 

Ques. What effect is noticeable in the operation of a 
single phase induction regulator? 

Ans. It has a tendency to vibrate similar to that of a single 
phase magnet or transformer. 



Ques. Why? 

Ans. It is due to the action of the magnetizing field varying 
in strength from zero to maximum value with each alteration 
of the exciting current, thus causing a pulsating force to act 
across the air gap, which tends to cause vibration when the 
moving part is not in perfect alignment 

Ques. Explain the effect produced by bad alignment? 

Ans. If the bearings of the primary be not in perfect align- 
ment with the bore o£ the secondary, thereby making the air 
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gap on one side smaller than that on the other, the crowding 
over of the flux to the smaller air gap will cause an intermittent 
pull in that direction, which will develop vibration unless the 
primary bearings are tight and the shaft sufficiently stiff to 
withstand the pull. 

Ques. Upon what does the regulator capacity for any 
given service depend ? 



Fig. 2,431.— Westinghouse two kw., hand operated, air cooled induction regulator for testing 
purposes. 

Ans. It depends upon the range of regulation required and 
the total load on the feeder. 
Ques. How is the capacity stated ? 
Ans. In percentage of the full load of the feeder. 

For 
10 per cent. 

Polyphase Induction Regulators.— The polyphase induc- 
tion regulator is similar to the single phase regulator except 
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that both the primary and secondary elements are wound with 
as many sets of coil as there are phases in the circuit. 

In construction these windings are distributed throughout 
the complete circumference of the stationary and moving 



Pic i 



nectcd to the motor through a spur gear and pinion, which constitutes a compact driv- 
ing device having very little friction. Provision is made for either alternating current 
or direct current motor drive. When a motor driven regulator is operated by hand, the 

.._ „,. — ._.. ._ jr the spur gear is replaced by a band wheel 

>r Is driren directly from the worm shaft. 

elements and closely resemble the windings of an induction 
motor. 

Polyphase regulators have but little tendency to vibrate 
because the field across the air gap is the resultant of two or 
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more single phase fields and is of a constant value at all times. 
This field rotates at a rate depending upon the number of pole 
and the frequency of the circuit. This produces a mechanical 
pull of constant value which rotates with the magnetic field 
varying its position from instant to instant. 

It is evident that this pull is of an entirely different character 
from that produced by the single phase field and that there is 
no tendency to set up the vibration that the mechanical pull 
of the single phase regulator tends to establish. 



ft 2,423. — General Electric adjustable compensation (hunt. It la uaad a* the compenaat- 
ing shunt far direct current voltage regulators. In operation, the shuntmay be adjusted 
•o aa to compensate for any desired hne drop up to 15 per cent. It is preferably placed 
in the principal lighting feeder but may be connected to the bus bars so that it will take 
the total current. The latter method is sometimes undesirable, as large fluctuating power 
loads on separate feeders might disturb the regulation of the lighting feeders. Adjust- 
ment la made by sliding the movable contact shown at the center of the shnnt. This con- 
tact may be clamped at any desired point and it determines the pressure across the com- 
pensating winding of the regulator's control magnet- Where pressure wires are rtm back 



There is, however, considerable torque developed, and the 
device for revolving the moving element must be liberally 
designed so as to withstand the excess torque caused by tem- 
porary overloads or short circuits. 

Ques. In what respects do polyphase Induction regu- 
lators differ In principle from single phase regulators? 

Ans. The induced voltage in the secondary has a constant 
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value, and the regulation is effected by varying the phase rela- 
tion between the line voltage and the regulator voltage. 

Ques. How is the primary wound? 

Ans. It is wound with as many separate windings as there 
are phases in the circuit, and these primary or shunt windings 
are connected to the corresponding phases of the feeder. 



Fir,. 2.424.— General Electric direct current (form 3) voltage regulator. It consists of 

fig. 2.42S. This regulator cannot be used for compensation of line drop as the current coil 
is omitted; it ia not a switchboard instrument, but is designed for inexpensive installa- 
tions such as for regulating the voltage of motor generator sets when the current is taken 
from a trolley line or some other fluctuating source. The regulating outfit comprises, 
betides the regulator, one or more condenser sections according to held discharge, set of 
iron brackets when regulator cannot he mounted on flout of switchboard, one compen- 
sating shunt, when it is desired to compensate for line drop. Field rheostats having 
sufficient resistance to reduce the voltage the proper amount must be uaed with voltage 
regulator installations. To prevent undue decay at the relay contacts, allow one section 
for each 15 kw. capacity of dynamo with la min ated poles, and one for each 22 kw. capacity 
with solid steel poles. 

Ques. What kind of magnetizing flux is produced by 
the primary windings? 

Ans. A practically constant flux which varies in direction 
Ques. How is the secondary wound? 
Ans. There is a separate winding for each phase. 
Ques. Why is the voltage induced in the secondary 
constant? 
Ans. Beeause of the constant magnetizing flux. 
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Ques. How is the line voltage varied by a polyphase 
regulator? 

Ans. When the regulator is in the position of maximum 
boost, the line AB, fig. 2,425 represents the normal busbar 
voltage, BC the regulator voltage, and AC the resultant 
feeder voltage. When the regulator voltage is displaced 180 
degrees from this position, the regulator is in the position to 
deliver minimum voltage to the feeder, the regulator voltage 
being then represented by BD, and the resultant feeder voltage 



Fig. 2.125. — Diagram iDaatratinB operation of polyphase induction regulator. 

by AD. When the regulator voltage is displaced angularly in 
the direction BF, so that the resultant feeder voltage AP be- 
comes equal to the normal busbar voltage AB, the regulator is 
in the neutral position. Intermediate resultant voltages for 
compensating the voltage variations in the feeders may be 
obtained by rotating the moving element or primary in either 
direction from the neutral position. For example, by rotating 
the primary through the angle FBE, the resultant voltage may 
be made equal to AE or AJ, thereby increasing the feeder voltage 
by an amount BJ; or by rotating it in the opposite direction 
through the angle FBG, the feeder voltage may be reduced by 
an amount BH. 
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Ques. How are Induction regulators operated? 

Ans. By hand or automatically. 

Ques. How 1b automatic operation secured? 

Ans. By means of a small motor, controlled by voltage 

regulating relays. 

Ques. How is the control apparatus arranged? 

Ans. Two relays are employed with each regulator, a primary 
relay connected to the feeder circuit and operating under changes 
of voltage therein, and a secondary relay connected between 
the primary relay and the motor, and operated by the contacts 

— Westinekouse voltage regulation 



primary relay; i 

removed. This relay is practically a 

meter airaneixl for making and breaking 

"'' --^jiyofa 




_» ■ normal voltage of 110 volts, and has 
a range of adjustment from 00 to 130 volts. 
The total energy required for its operation' is 
about SO watts at normal voltage. Voltage 
transformers having at least SO watts capac- 
ity are, therefore, required. The parts are: 
A, solenoid; B, solenoid core ; C. end of Bal- 
ance beam; D, pivots, bearings; E, movable 

point; G, lower stationary contact point; II, 
adjusting screw: K, adjusting spring; L, feeder 
binding posts; M. auxiliary circuit and sec- 
ondary relay binding ports. 
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of the f ormer, for starting, stopping and reversing the motor in 
accordance with changes in the feeder voltage, thereby causing 
the regulator to maintain that voltage at its predetermined 
normal value. 




Ques. Why are two relays used ? 

Ans. For the reason that a primary relay, of sufficient 
accuracy and freedom from errors due to temperature and 
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frequency variations, could not be made sufficiently powerful 
to carry the relatively large current required for operating the 
motor. 

Qucs. What names are given to the relays? 

Ans. Primary and secondary. 

Ques. What difficulties were encountered in the 
operation of relays? 

Ans. Vibration or chattering at the contacts of both relays 
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and tendency of the movable contact arm of the primary relay 
to hug closer to one of the stationary contact points than to the 
other, thereby operating too often. 

Ques. What causes vibration or chattering at the 
contacts? 

Ans. This is due to the voltage frequently approximating 
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the value required for dosing a contact, thereby causing the 
contact points to barely touch and make several poor contacts 
in succession. 

Ques. What objectionable action is produced by 
vibration at the contacts? 

Ans. Arcing, burning and pitting of the contacts, even when 
alloys of the rarer metals are used, such as those of the platinum 
group, having extreme hardness and high melting points. 




m bus u« 

Pic. 2.429.— Diagram of connection* of automatic induction regulator and auiiliary appantul 

Ques. What effect Is produced by poor contact of the 
primary relay? 

Ans. It causes chattering in the secondary relay; which 
burns out and wears away its contact points, increasing the 
heating of the motor, creating objectionable noise and entailing 
wear and tear on the whole outfit. 



REGULATING DEVICES 



1,781 



Ques. Why does the movable contact arm of the 
primary relay tend to remain nearer one of the stationary 
contact points than the other? 

Ans. This is due to the tendency of the relay to open the con- 
tact whenever the voltage equals that at which the contact closes. 

Ques. What provision Is made in the primary relay 
to prevent vibration or chattering? 

Ans. Two auxiliary windings are provided: one in series 




with each of the stationary contact points and so arranged as 

to assist in making the contact by increasing the pressure on 
the contact points at the instant of closure, 
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Fig. 2,431. — Westinghouse dram type variable transformer voltage regulator. 

a drum and finger type switch. A preventive resistance la used betw™. *.*= ^u.^.-.. 
contacts, making it unnecessary to open the circuit when moving from one tap of tie 
regulating transformer to the nest tap. A spring actuated, quick moving, central stoo- 
ping met nanism ia used to prevent burning the resistances. The regulator is arranged 
to give 40 points of regulation. In many cases this large number of points Is not abso- 
lutely necessary, but it is desirable to use them because the voltage per step is thus in- 
duced to a email value, and a corresponding increase in the life of the contacts resolti 
because of the reduced sparking at the lower voltage. Two drums are employed. The 
first drum has ten contacts and a corresponding number of fingers, the latter being 
mounted upon an insulated bar. These fingers are connected to the floating coils of 
the regulating transformer, and as the drum is rotated, the finger connected to the km 

is brought into contact successively with each of the ten taps. The i ' ■>'•■—•"* 

■,™:i„. -._.„.; — — i :... „f . -l .*_- — i „ switch 

lo£th.._ «, 

— - r . -,..., „ ,„. , .-. ,._ that the total w 

can be used for either raising or lowering the voltage. All the points of regulation are 
obtained by a continuous motion of the handle, the various connections produced in the 
manner are shown in the diagram, fig. 2.433. The top and base of the regulator are msdt 
of cast iron and the top is supported by steel bars, two of which are insulated, and uko 
to support the metallic bases finger to which the cable leads are attached. The drumi 
consult of metal castings mounted upon insulated shafts. The first drum, which is the 
only one upon which arcing can take place, is provided with removable copper contact 
tips. The main eastings are made of aluminum to^aecure low inertia of^the dru m, k 



oating coils tc 



...... .. :o enclose the regulator, and the 

the bottom of the controller. 
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A non-inductive resistance placed in parallel with each coil of the 
secondary relay, takes current approximately in phase with the current 
in the main coil of the primary relay, and of proper strength to make the 
number of ampere turns in the auxiliary coil three-fourths per cent, of 
the number in the main coil. The resistances have the additional effect 
of absorbing the "discharge" from the Tnain coils of the secondary relay 
when the contacts are broken, thereby obviating sparking at the primary 
contact points. 



ho. 2,132. — Diagnun allowing 




Stillwell regulator. 



Variable Ratio Transformer Voltage Regulators.— The 

principle of operation of this class of regulator is virtually the 
same as that of the induction type regulator; that is to say, 
both consist of regulating transformers, but In the variable 
ratio method the primary or series coil is divided into a numbe* 
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Fig. 2,433.— Diagram showing position of the floating coll 

.._ j.n . — pa of Wratinghouae drum type Taxlablo ratio 

regulator. The upper half of the diagram 



as drum o 

us coils for each position 



. When rcgulato ra 

..... ,__.._ tranaf ormers, the regulating ti 

nutted and auxiliary epila can bo placed i 



[tmetit applies to & regu- 
independent regulating 



-.-,---.. ................. -_ , ps for regulating purposes. 

The lower half o) 'the diairam shows the connections used when 
auxiliary coila are added to a large transformer. The dia- 
gram ahow* connections for a single phase regulator. 
Where polyphase regulators are required, the connections 
consist essentially of two sots of single phase connection, and 
the controller is extended in length so as to contain doable 



of sections which 
may be successively 
cut in or out of the 
circuit to be regul- 
ated, instead of 
varying the flux 
through the entire 
coil, as in the in* 
duct ion type. 
There are two dis- 
tinct mechanical 
forms of variable 
ratio regulator: 

1. Drum type; 

2. Dial type. 

Drum Type 
Regulators.— 

This form of vari- 
able ratio transfor- 
mer consists essen- 
tially of a drum and 
finger type switch, 
similar to a rail- 
way controller. 

There are many 
contacts, giving a 
large number of 
points of regula- 
tion, obtained by 
the use of chang- 
ing switches and 
floating coils. 
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The floating coil is a part of the secondary ■winding of the regu- 
lating transformer which is insulated from the main portion of the 
winding, and is sub-divided by taps into a number of equal sections, 

The sub-divisions of the main secondary winding are much 
larger, each one being equivalent to the whole of the floating coil. 

Ques. Describe the operation of a drum regulator. 

Ans. The floating coil and main windings are first connected 
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in series with each other and with the line to be regulated. The 
floating coil is then cut out of the circuit step by step. When 
entirely cut out it is transferred to the next lower tap on the 
main winding, after which it is again cut out' step by step and 
then transferred again. By continuing this process a large 
number of steps are provided with but comparatively few actual 
taps on the transformer. 
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Ques. How many floating coils are used and why? 

Ans. Two floating coils are included in each regulator so 
that one can be transferred while the other is supplying the 
current to the line. 



Dial Type Regulators. — This form of variable ratio trans- 
former regulator consists of a regulating transformer and a dial 



FlC 3,43S.— Dial of Westinghouse dial type variable ratio voltage regulati 
conaista of a marble slab, upon which the contacts are mounted in a cin 
The contact arm is arranged to move from contact to contact. The alterru 
tacts are dummies, serving to prevent the contact arm springing down bet' 
when moving from one to another. The panel contains a changing switch 
it possible to double the range of a regulator, since the transformer corme 
changed to both raise and Iowa to an eitent equal to the full range of the 
The total range in voltage from a certain per cent, below to a certain per « 

mtortucftnl 



type switch as shown in the accompanying illustrations. The 
regulating transformer is similar to a standard transformer 
except that the secondary winding is provided with a number 
of taps leading to the contact of the dial switch as shown in 
the diagram fig. 2.437. 
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Ques. What modification Is made to adapt dial regu- 
lators for heavy current? 

Ans. A dial with a series transformer, and a shunt or auto- 
transformer are employed as shown in fig. 2,436. 
Ques. Why is such modification desirable? 
Ans. Because, the additional cost of a series transformer is 







transformer and 
-_aneeted across the 
line, and connected to 



small in comparison with the cost of building a dial with a large 
current carrying capacity, and the cost of bringing out a number 
of heavy leads from a small transformer. 

Ques. How are dial regulators modified for high 
voltage? 

Ans. Standard dials may be used with series and shunt trans- 
formers similar to the method used for heavy current circuits. 
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Ques. Describe the connections. 

Ans. The primary of the shunt transformer is connected 
across the line and the secondary has a number of taps which 
are connected to contacts on the dial. The primary of the series 
transformer is connected in series with the line and two leads 
from the secondary winding are connected to the dial. 




Pio. £487. — Diagram of co 
jr 20 parts giving 11 
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ctiona for Wcatinghousc JUL tyrw variable r»Uo T Olt Mp W" f 

— " '^.s secondary winding of the transformer is divided into 10. 
: 21 taps which areGrought out from tha »aoond«ry «" 



1 point dial and regulating transformer. Since there la ■ dlfterenc* of ^ot"? ; 

adjacent contacts, the contact arm must not touch tht contact toward uma 

moving until after it has left lot contact upon which it was rcsHnc. Moreover. it 
Jeeirable to open the circuit each time in moving from one contact *" " " 
" " requirements are met by the use of arcing tips which a 
K> that a, very close adjustment can be obtained, ai " 



e contact to the not- 

.-..-..... .,, „ „js which are placed on 

y close adjustment can be obtained, and so arranged tint 

eighth inch in the circuit during the time of changing from one contact to the next. H» 
air gaps I orm a "preventive resistance." A quick moving mechanism is used to ao» 
rate the movement from one contact to the next, a very quick movement being noo* 
- - '■''-— : -™ ea at 2.2O0 «""■ 
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It will be seen that the circuit comprising the dial, the secondary 
of the shunt, transformer and the secondary of the series transformer 
form a circuit which is not electrically connected to the main circuit. 
It can therefore be grounded without disturbing the main circuit as a 
safeguard to render it impossible for the pressure of the dial to be higher 
above the ground than the secondary voltage of the shunt transformer. 

PRIMARY 




U. 2,«4 to 2,148.— Section 
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Small Feeder Voltage Regulators. — In some generating 
stations the voltage is maintained constant at the busbars and 
the line drop compensated by automatically operated regu- 
lators connected in the main feeders. It is possible in this way 
to obtain constant voltage at all loads at the various distribution 
centers, that is, at those points on the feeders where the lines of 
the majority of consumers are connected as shown in fig. 2,447. 




Figs. 2,417 and 2,448.— Systems of distribution illustrating use of small feeder or potatjl* 
Toltafe regulator*. 

. It is evident, however, that, while the voltage at the center 
of distribution can be maintained constant, no account can 
be taken of the drop in the lines between this center and the 
consumers. This drop is generally negligible, except in soma 
particularly long lines, as, for example, consumer B in fig. 2,447- 
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In order to obtain perfect regulation at B, it would be neces- 
sary to install a separate regulator in that line, this regulator 
to be installed either at the center C or preferably at B. 

In a great many cases the power distribution is not as ideal as indicated 
in fig. 2,447, but rather as shown in fig. 2,448, that is, the consumers 
are connected all along the feeder. In this case there is no definite 
center of distribution, and the automatic regulator installed in the 
Station can be adjusted to give only approximately constant voltage at 
an imaginary center of distribution C; that is, the voltage cannot be 
held constant at any definite point during changes of load distribution. 



The majority of the consumers may, however, obtain sufficiently 
good voltage while a few may have reason for criticism. To overcome 
this difficulty it is necessary eif-er to increase the copper in the feeder 
or else to install small ai:tn-rv -i- nvulaten. 

There are also cases «■: •■•■■■ » --■ ■■■-', "iint c? nvpr is transmitted 
along distance t'ru.Li;': i : .-= l-.-r i.:i:v.-* ■-■'■■ ■-■■•■ ?.u ■•■n. 

The amount of copper required to reduce the line drop is usually too 
great to be con?rlered and the cost of the ordinary automatic regulator 
is also comparatively high. In such cases small pole type regulators as 
shown in S3. 2,i 10 ..re Sos-ra'-Ii. 
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Ques. Describe the operation of the regulator mechan- 
ism shown in fig. 2,450. 

Ans. Assuming the voltage to be normal, the balance arm 
of the relay will be held horizontal, the trips F will not engage 



Mi 3.450.— Mechanism of General Electric pole type regulator. The operating motor (fe 
scribed in fig. 2,438) is direct connected to a worm and gear, the shaft of which ii pee 
vided with a bell crank. A rod A. connects the crank with the rocker arm B. which thai 
may be caused to oscillate over a ratchet wheel C. The rocker arm is provided *™ 
two pawls D, which can engage with the teeth of the ratchet wheel, so that thisvue 

aa a worm, which engages with the gear segment carried by the regulator shaft, so UU* 
th. mm.™ n l tt» mtr-tii* ™>.«.i i. ^i-^..i>r transmitted to the regulator. Beaidei «■ 
I two smaller ones E, called the trigga* 

hen the triggers strike the trips F of * 
it of tha ratchet wheel and the rtguUt* 
nsists of two earns K. mounted on a ton- 
ratchet wheel. Normally then csnaan 
-ver arrangement, controlled by the rtf*- 
>e rotated so that, if the trigger has "* 
• pawlwiUbwontoecamoTtlishmUjaj 
! ratchet wheel it has already been kcasl 
chct wheel in that particular dueeaosll 

ing casting forming a well therefor. 
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with the triggers E, and no movement is therefore transmitted 
to the ratchet wheel C. If the voltage drop below normal, the 
left hand trip will descend until it finally gets in the way of the 
left hand trigger just before it reaches the limit of its counter- 
clockwise travel. This trigger will therefore release the left 
pawl D, which will engage with the ratchet wheel and will 




Fio.a,4Sl.— Di.. 

SfttemB. a g ^ 

obtained by using this rcgoli 



Itaga regulator 



consequently turn it clockwise until the rocker arm reaches its 
right hand limit. Before the rocker arm reaches the left hand 
limit, the released pawl must be locked by its trigger, so that 
if the voltage has reached its normal value, further movement 
of the ratchet wheel will not take place, whereas if the voltage 
be still too low, the trigger will again release the pawl by striking 
the trip of the relay. 
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Ques. How Is this automatic locking of the pawl 
obtained? 

Ans. By having a lip G on the tinder side of the pawl strike 
a finger H fastened to the bearings in front of the ratchet wheel 



CONDENSER SECTIONS 

embling same with tripod. Hi* tttoof 
the addition of extra condemc MdaW 



Ques. How does the mechanism operate when the 
voltage rises above normal? 

Ans. As described above, with the exception that the right 
hand trip causes a rotation of the regulator in the opposite 
direction. 

Ques. How is adjustment made for various voltages? 

Ans. Taps are provided on the resistance in series with the 
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relay, and finer adjustment can be obtained by means of the 
helical spring on the right hand end of the balance arm. 

In order to adjust the sensitiveness of regulation, the bearing for the 
balance arm can be raised or lowered by means of a stud J, fig. 2,460, 
connecting this bearing with the bearing of the operating shaft, and tha 
regulator can be made to maintain the voltage within 1 per cent, above 
orbelow normal. 



kj. 2,463. — Westingliouse unit switch type pressure regulator, designed for handling heavy 
currents where a variable ratio transformer type oTregulator is desired. The regulator 
consists of a number of electrically operated switches controlled from a master switch. 
These switches are arranged to perform rnacticaUytha same cycle of operation as pre- 
viously described for the drum type regulators. The transformer windings are divided 
into sections, and two floating coils are provided which are connected to various taps 
on the main auto-transformer. These floating coils have intermediate steps, and the 

main auto-transformer, and transfers the line connection from one point of the floating 
coil to the nest. In thia way a 23 point regulator with sinteen switches, and a 71 point 
regulator with 21 switches may be supplied. The master switches are arranged with an 
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Ques. "What provision is made for convenient inspection? 
Ans. A snap switch is provided by means of which the power 
to the motor and relay can be disconnected. 

Automatic Voltage Regulators for Alternators.— The 

accurate regulation of voltage on any alternating current system 



FIGS. 2.4M and 2,465.— Trant and rear views of General Electric automatic voltage regulator. 
The regulator has a direct current control magna, an alternating current control mat- 
net, and a relay. The direct current control magnet is connectedto the eiciter bus ban. 
This magnet has a fixed stop core in the bottom and a movable core in the top which 
is attached to a pivoted lever having at the opposite end a fleiible contact pulled down- 
ward by four spiral springs. For clearness, however, only_ one soring is shown in the 
figure. Opposite the direct current control magnet ia th< 

nating current magnet connected through a current iransrormer xo ine principal iignnng 
feeder. The object of this winding is to raise the voltage of the alternating current bu« 
bars as the load increases. The alternating current control magnet has a movable con 

two combined produce what is known as the "floating main contacts." The relay am- 
lull of a V shaped magnet care hating a differential minding and a pivoted armature 
controlling the contacts which open and dost the shunt circuit across Ike exciter jUd 
rheostat. One of the differential windings of the relay is permanently connected acre** 

to the eiciter bus bars through the floating main contacts and when the latter are closed, 
neutralizes the effect of the first winding and allows the relay contacts to short circuit 
the eiciter field rheostat. Condensers are connected across the relay contacts to pre- 
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is of importance. The desired voltage may be maintained 
constant at the alternator terminals by rapidly opening and 
closing a shunt circuit across the exciter field rheostat. 

Ques. Describe in more detail this method of regu- 
lation. 

Ans. The rheostat is first turned in until the exciter voltage 
is greatly reduced and the regulator circuit is then closed. This 




short circuits the rheostat through contacts in the regulator and 
the voltage of the exciter and alternator immediately rise. At a 
predetermined point, the regulator contacts are automatically 
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opened and the field current of the exciter must again pass 
through the rheostat. The resulting reduction in voltage is 
arrested at once by the closing of the regulator contacts which 
continue to vibrate in this manner and keep the generator voltage 



RHE05TAT * IWIWW 

Pic 2,457. — Diagram of General Electric automatic voltage regulator connections with alter- 
nator and eidter. In operation, the circuit shunting the eiciter field rheostat throngs 
the relay contacts ia opened by means of a single pole switch at the bottom of the regu- 
lator panel and the rheostat turned in until the alternating current voltage is reduced 
65 per cent, below normal. This weakens bath of the control magnets and the floating 

net, releasing the relay armature, and the spring closes the relay contacts. The single 
pole snitch is then closed and as the eiciter field rheostat is short circuited, the eidta 
— '- - " -* - ; J *-- : ngup the voltage of the alternator. This will strengthen 



voltage will at once rise and b: 

;he alternating current anddii _ 

the counterwraght has been previously adjusted, the main contacts will open. The relay 

tacts will throw the full resistance into the eicSeTfield circuit tending to lower the ei- 
citer mid alternator voltage. The main contacts will then be again closed, the eiciter 
field rheostat short circuited through the relay contacts and the cycle repeated. This 



magnets and majprssnai a steady exciter voltage. 



Line Drop Compensators. — In order that the actual voltage 
at a distant point on a distribution system may be read at the 
station some provision must be made to compensate for the line 
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drop, that is to say, for 
tile difference in volt- 
: age between the alter- 
nator and the center of 
distribution. 

In order to do this 
a device which is known 
as a "line drop compen- 
sator" is placed in the 
voltmeter circuit as 
shown in the diagram, 
fig. 2,458. 

Ques. What are the 
essential parts of a 
line drop compen- 
sator? 

Ans. The elements of 
a line drop compensator 
are a variable resistance, 
and a variable induct- 
ance. 

Ques. Describe the 
connections. 

Ans. The secondary 
of a pressure transformer 
is connected in series with 
the compensator induct- 
ance and resistance, and 
the secondary of a cur- 
rent transformer as shown 
in the diagram, fig. 2,458. ^ c 
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Ques. How are the Inductance and resistance wound? 
Ans. They are wound so that any proportion of the winding 
of either can be put in or out of the voltmeter circuit. 



FlC. 2,450.— General Electric line drop compensator. It has two dial switches with 
' reactance in the box so that it can be adjusted to co 
ies with loads of varying power factor. Dial R chant 



Fro. 2,460.— General Electric line drop compensator. This compensator contains beuls 
resistance and inductance, a current transformer, the secondary of the traosfornrar beiol 
connected in series with the resistance and inductance; the primary of the contained 
current transformer is connected to an external current transformer. The reactance sod 

the voltmeter circuit. Both elements have 12 points of adjustment of one volt each. 
giving a total combined drop at maximum setting of about 17 volts. 
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Ones. How can the voltmeter indicate the pressure 
at die center of distribution? 

Ans. If the amount of inductance and resistance be properly 
adjusted, there will be produced a local circuit corresponding 
exactly in all its characteristics to the main circuit. Hence, any 
change in the main circuit produces a corresponding change in 
the local circuit, and causes the voltmeter to always i 



Pig. 2M1-— Westinghouse line drop compensator. Por single phase circuits, one corapen- 
... a i„ . 1 .i... ;. .u. :_^ _. — i.'..~i „j lh transformer*, will 



SVe correct indications for a single phase circuit The same voltage transformer ae 
r both voltmeter and compensator. Par balanced two phase circuits one compana* 
sufficient. Two single phase ct 



it both voltmeter and compensator. Par balanced 
x used for unbalanced two phas 



the pressure at the end of the line or center of distribution or 
at any point for which the adjustment is made. 

Ques. How should the adjustment be made? 

Ans. It is advisable to calculate the ohmic drop for full load 
and set the resistance arm at the point which will give the 
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._ ja tho alternating a 

— -n tho main feeder. A dial n — r - 

vided by which the strength of the alternating current control magnet can b* varied 
and the regulator made to compensate for any desired line drop up to IB per cent, ec- 

■■■■-■'■■--'--'--•■■■■ - ™ "ha power factor of the load haa a wid* rant* 

or, euch ae ehown in 6a. 9,469, adapted to 
i are readily underatood by the die- 

.. ill prevent undue arcing at the relay 

ca of the eiciter. They may be roughly estimated by 

. capacity for exciters with lam: 

r exciter* with aolid ateel pole*. It is 
jr each pair of .relay contacts, and at til 




h it, portion* of the re 



» . , Taaae am ao connected tfaat tha drop in pfinuii aoroaa m 

■a combined with that of the -panel ire tiaaaJnminr, ao tl>at the voltmeter raiding in 
Lt the caster 3TSSm«I or aad of uae line. 
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required compensation and then adjust the inductance arm 
until the voltmeter reading corresponds to the voltage at the 
point on the line selected for normal voltage. 

Starting Compensators.— -These are used for starting 
Induction motors and consist of inductive windings (one for 
each phase) with a number of taps connecting with switch 



contacts as shown in fig. 2,463. A starting compensator is 
similar to a rheostat except that inductive windings are used in 
place of the resistance grids. 

Ques. Describe the Inductive windings. 

Axis. The compensator winding consists of an inductive 
coil in each phase with each coil placed on a separate leg of a 
laminated iron core. Each coil is provided with several taps 
bo located that a Dumber of sub-voltages may be obtained. 
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Queg. Are starting compensators necessary for small 
motors? Why? 

Ans. No, because the full voltage starting current taken, 
although equal to several times the load current, is never- 
1 



tl Electric three phase starting compenaiitor wi 



Coo.;lc 
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alternators or feeders, that it does not materially affect the 
regulation of the circuit. 

Motors larger than about 7 horse power cause an objectionably heavy 
rush of current if thrown directly on the line. Starting compensators 
obviate such sudden variations of line load and are accordingly recom- 
mended for motors above 7 horse power except in cases where voltage 
variations and eicessive starting currents are not objectionable. 



2,467. — General Electric three phase hand operated Martina compensator 

consists of a core and windings, a cable clamp, and a switch, assembled in asnb- 
;lal case with external operating handlt and release lever. The windings 

. .j -irate Legs of a laminated core, and tapped at several points. 

.. ^ ;..i. .. eta _ The shalt of the switch extends 

operated by a lever at the light, being 
It is provided with wiping contacts. 

ma: "off." "atartimr." arid "running." 



held in tbi 

The switch u imminwi in oil. a 

starting the motor. The lever 

dtlon. the switch connects the tine la the ends 



the taps of the ccmi 

the running uo«!tk:_. ..._ „ .. . 

Ou line tkrauth suitable fuses cr overload relays mounted directly a 

sstor. To prevent the attendant throwing the motor dJrecUy on the line, and thereby 
ennsmg a rush of current which it is the abject of the compensator to avoid, an auto- 
matic latch is provided and so arranged that the lever at off position can bo thrown only 
into the starting position (backward); and can be thrown thence into the running position 
(forward) or.ly by a quick throw of the lever .whereby any appreciable drop in speed and con- 
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Ques. What should be noted with respect to the 
compensator winding taps? 

Ans. The choice of a tap giving so low a voltage as to require 
Over one minute for starting should be avoided so as to prevent 
the overheating to which starting compensators, in common 
with other motor starting devices, are liable if left in circuit 
unnecessarily long, or if the motor be started several times in 
tapid succession. 



Pis. >.46S. — Diagram o 
— th so TOlUga rali 

It should also be noted that the starting current diminishes rapidly 
as full speed is approached. It is, therefore, important that the switch 
be kept in the starting position until the motor has finished accelerating 
to prevent any unnecessary rush of current when the switch is thrown 
to the running position. 

Ques. What is the usual arrangement of starting 
compensators for large motors? 

Ans. Starting compensators may be wound for any voltage 



t It* 
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toadrelaya. On the switch shaft tl 
mounted two levers, held together with a 
■tronfit spring which operates in either direc- 
tion and prevents the switch being left on the 
■tarting position. On the running side it is 
held by tie external low voltage release lever 
until released either by hand or by the action 
of a low voltago relay. The low voltage re- 
le&ae consists of a cast iron frame open at 
the bottom and totally enclosing the coil. A 
laminated plunger is used to bold the tripping 
lever, the latter engaging with the lever 
mounted on the twitch shaft. The compen- 
aator cannot be thrown into the running 
notation without first going to the starting 
SStuM and it cannot be fcft on the Mftrt- 



or current for which it is prac- 
ticable to build motors. For 
very large motors the switch- 
ing device is generally sep- 
arate from the compensator 
itself and consists of triple and 
four pole switches for three 
phase and two phase motors 
respectively. One double 
throw switch or two inter- 
locked single throw switches 
are required for the motor 
and a single throw switch for 
energizing the compensator, 
the running side of the motor 
circuit being provided with 
fuses or automatic circuit 
breakers, or the switches pro- 
vided with low voltage and 
overload release attachments. 

Star Delta Switches.— 

These are starting switches, 
designed for use with small 
three phase squirrel cage 
motors having their windings 
so arranged that they may 
be connected in star for start- 
ing and in delta for running. 

Ques. Describe the oper- 
ation of a star delta switch, 

Ans. In starting the motor, 
the drum lever is thrown in the 
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starting direction which connects the field windings of the motor 
In star. When the motor has accelerated and has come partially 
up to speed the starting lever is quickly thrown to the running 
position in which position the field windings are connected in 



tie oil dash pot provide! ■ 
dement and can be ad- 
rate immediately upon over- 
relay has five calibrating 
iwest being the normal fall 
of the motor, the higaaH 
full load current. Theaok 

iv be set to operate* To 
rload setting; 1. loosen act 



pass when the 



time, rease the in of 
the opening and vice- 
versa. To change th« 
time setting: 1, remove 
the oil dash pot; 2. rate 
the discs B and C on the 

the onenini between B 



and C. givu_ _ . _ 
opening for snorter time 
of operation, and a 
Email er opening for long' 
er time; 5, tighten lock 
nut A-, 6. replace duct 



REGULATING DEVICES 1,761 

delta. The effect of connecting the field winding In star at 
starting is to reduce the voltage applied to each phase winding, 
while in the running position each phase of the field winding 
has full line voltage impressed up* 



■Hammer star delta 
Luiiainictlon, the switch 

jyliudcr, carrying two seta 



supported (torn the switch frame casting and 

an insulating oil. Flexible oil proof cable leads are br 

n in tfca tnn mt the switch and tagged for conveniei 

of oil, the leads are sealed into 
lever of the star delta sw ' " 
.-irown directly into the n 
position from the off position. It is necessary to throw the lever first into the starting 
position and then with an uninterrupted movement to the miming position. The circuit 
of the motor is broken only for an instant in changing from star to delta and no heavy 
inrush current occurs. No voltage release protection is provided by a latching solenoid 
which holds the spring centered drum cylinder in the running position. The no voltage 
release coil is mounted in the lower part of the starting switch, immersed in the oil tank, 
and is protected against mechanical injury and grounding. The coil is in circuit during 
the running period only and requires not more than 8 to 15 watts to hold the switch in 
the running position. The operation of this protective device is such that on failure of 
voltage the star delta switch will immediately be returned to the off position. Overload 
release protection consists of two relays on a small si tte panel, which is mounted directly 

nected in series with the connections to the no voltage release coil so that when an over- 

thus peimittina-the switch lever to return to the off position. The overload relays do not 
afford overloadprotection during the starting period, and when such protection is desired 
starting fuses should be installed. These fuses, if used, should have a capacity of 230 to 
tOO per cent, of the normal full load current of the motor. 
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SYNCHRONOUS CONDENSERS 



CHAPTER LXI 
SYNCHRONOUS CONDENSERS 



Synchronous Condensers. — A synchronous motor when 
sufficiently excited will produce a leading current, that is, when 
over excited it acts like a great condenser, and when thus operated 
on circuits containing induction motors and similar apparatus 
for the purpose of improving the power factor it is called a 
synchronous condenser. 

Although the motor performs the duty of a condenser it pos- 
sesses almost none of the properties of a stationary condenser 
other than producing a leading current, and is free from many 
of the inherent defects of a stationary condenser. 

The relation of power factor to the size and efficiency of prime 
movers, generators, conductors, etc., and the value of syn- 
chronous condensers for improving the power factor is generally 
recognized. 

Induction motors and other inductive apparatus take a com- 
ponent of current which lags behind the line pressure, and 
thereby lowers the power factor of the system, while a non- 
inductive load, such as incandescent lamps, takes only current 
in phase with the voltage and operates at unity power factor. 

Since transformers require the magnetizing current, they may 
seriously affect the power factor when unloaded or partially 
leaded, but when operating at full load their effect is practically 
negligible. 
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The relative effect of fully loaded and lightly loaded induction 
motors on the power factor is indicated by the diagram, fig. 2,478. 
The magnetizing current is nearly constant at all loads and is 
wattless, lagging 90 degrees behind the impressed pressure, or 
at right angles to the current which is utilized for power. 

In the figure, AB is the magnetizing component, which is always 
wattless, and CB the power component. The angle ACB gives the 
phase relation between voltage and current; the cosine of this angle 
CB +- AC is the power factor. 

A 



-tff* 



s*?' 



*i> 



POWER KW. D B 

of fully loaded and lightly loaded induction m 



It is evident from the diagram that if the load be reduced, the side 
CB is shortened, and as AB is practically constant, the angle of lag 
ACB is increased. It therefore follows that the cosine of this angle, or 
, the power factor is reduced. 

The figure clearly shows the reason for the low power factor of induc- 
tion motors on fractional loads and also shows that since the mag- 
netizing current is practically constant in value, the induction motor 
can never operate at unity power factor. 

With no load, the side CB (real power) is just sufficient to supply the 
friction and windage. If this be represented by DB, since AB remains 
constant, the power factor is reduced to 10 or 15 per cent, and the motor 
takes from the line about 30 per cent, of full load current. It therefore 
follows that a group of lightly loaded induction motors can take from 
the system a large current at exceedingly low power factor. 



SYNCHRONOUS CONDENSERS 1,765 

The synchronous motor when used as a condenser, as before 
stated, has the property of altering the phase relation between 
pressure and current, the direction and extent of the displace- 
ment being dependent on the field excitation of the condenser. 

It can be run at unity power factor and minimum current 
input, or it can be over excited and thereby deliver leading current 



-a. 2.479. — General Electric 400 lew.. I 
direct connected exciter installed in 
Cripple Creek. Colo. The machine 



ided with a standard synchronous a 



it winding which assists in starting and 



which compensates for the inductive load on other parts of the 
system. The synchronous condenser, therefore, can supply 
magnetizing current to the load on a system while the power 
component is supplied by the generators. 
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Effects of Low Lagging Power Factors. — Transformers are 
rated in kva. output; that is, a 100 kva. transformer is supposed 
to deliver 100 kw. at unity power factor at normal voltage and at 
normal temperatures; but, if the power factor should be, say .6 
lagging, the rated energy output of the transformer would be 
only 60 kw. and yet the current and, consequently, the heating 
would be approximately the same as when delivering 100 kw. 
at unity power factor. 



Pig. 2,191. — Field of a synchronous condenser Note the amorttsaeur winding, erroneously 
called affuirref caam winding, consisting of two end rings which serve to short circuit 
•pokes passing through the pole tips as shown. The amortiseeur winding assists in 
stanlna and ana also as a damping device to minimise bunting. 

The regulation of transformers is inherently good, being for 
small lighting transformers about lj^ to 2 per cent, for a load 
of unity power factor, and about 4 to 5 per cent, at .7 power 
factor. Larger transformers with a regulation of 1 per cent, or 
better at a unity power factor load, would have about 3 per cent, 
regulation at .7 power factor. 

Alternators also are rated in kva. output, usually at any value 
of power factor between unity and .8. 

The deleterious effects of low power factor loads on alternators 
are even more marked than on transformers. These are, de- 
creased kw. capacity, the necessity for increased exciter capacity, 
decreased efficiency, and impaired regulation. 
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Assume the case of a 100 kva. .6 power factor, 60 kw. output. It 
is probable that normal voltage could be obtained only with difficulty, 
unless the alternator was especially designed for low power factor service. 
The lagging power factor current in the armature sets up a flux which 
opposes the flux set up by the fields, and in consequence tends to de- 
magnetize them, resulting in low armature voltage. 

It is often impracticable, without the installation of new exciters. I 
to raise the alternator voltage by a further increase of the exciting 
voltage and current. The field losses, and therefore the field heating d 




JvOlta 

PlQ. 2,482. — Diagram of a section of the Northern California Power Co. s transmission in- 
tern, showing relative location of alternators and synchronous condenser. The synchro- 
nous condenser is installed at Kenuett. which is served by generating stations at Kirarc 
and Volta. located respectively 28 and 38 miles from the point at which the condenser 
is operated. The local demand amounts to about 0.500 kw., and before the installation 
at the synchronous condenser, the power factor was about 79 per cent, and after instaHinf, 
about 98 per cent, while the voltage at the point where the synchronous condenser it fa- 
stalled is raised approximately lOper cent, during the change from no load to full load. In 
order to obtain dose voltage regulation, a regulator is used in connection with the lyn- 
iser and holds the voltage, at the center of distribution, within 2 per cent, 
mounted on the side of the control panel and '—• - *<- -'--■■<-' 



The regulati 



which has been secured in this c 



rapine demonstra 



■TfcVtn 



;1 and connected in the held of 
ation and compensate for 
ent in voltage regulation. 
ig voltmeter records repro- 



the alternator, when it is delivering rated voltage and current, are 
greater at lagging power factor than at unity. Increased energy input 
and decreased energy output both cause a reduction in efficiency. 

The regulation at unity power factor of modern alternators 
capable of carrying 25 per cent, overload, is usually about 8 per 
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cent. Their regulation at .7 power factor lagging is about 25 
per cent. The effect of low power factor on the lines can best be 
shown by the following example: 

EXAMPLE.— Assuming i distance of five miles and a load of 1,000 

kw. and desiring to deliver this load at a pressure of about 6,000 volts, 1 

three phase, with an energy loss of 10 per cent., each conductor at unity 1 

power factor would have to be 79,200 cm., at .9 powerfactor, 97,533 c.m^ 1 



PlQ. 2,483. — Curve drawing; voltmeter records at Kennett, CaL The upper cur 

voltage regulation with synchronous condenser out of service, and the lone 
with syncuronoua condenser in operation. 



If the same size of wire were used at both unity and .6 power factor 
lagging, the energy loss would be about 2.8 times the loss at unity 
power factor, or about 28 per cent. Low lagging power factor on a 
system, therefore, will generally mean limited output of prime movers; 
greatly reduced kilowatt capacity of generator, transformer and line; 
and increased energy losses. The regulation of the entire system will 
also be poor. 
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Cost of Synchronous Condenser vs. Cost of Copper. 

— Referring to the example given in the preceding paragraph , 
and calculating the necessary extra investment in copper 
with the .6 power factor load, and copper at 17 cents per 
pound, the result is that 29,292 pounds, more copper is required 
than with the power factor of .9 which means a total extra invest- 
ment in copper alone of $5,000 (29,292 x $.17). A synchronous 



Pig. 2,484— Diagram showing the field current taken by a synchronous motor of norma] 
design when operating at normal leva, input at various power factors. It will be noted 
that a allflht departure from unity power factor necessitates a considerable chants 

•-"-'•' '■ ■•-'--'- curves increase with the square of the current, taeniae 

with leading current. This actitmof ladint or lauint aa- 
" ' -otsloiainthtarmalurtwilltilianiainfMttta- 

ation causes a leading current to flow, and at the same time this leading current demagnot- 
iies the Held until the density of the armature is restored to its normal value. If the Bald 
be decreased a lagging current flows which in turn magnetises the held ■-■■■- 
density back to its original value. Therefore, with a constant line voltage. 1 

with the exception that the internal voltage will vary slightly c 
drop, the density being a trifle lower at full load thqn at no loac 

condenser of sufficient capacity to accomplish the same 
result would cost about the same amount. It would therefore 
cost less to install the condenser because at the same time a 
considerably increased capacity would be obtained from the 
alternators, transformers, etc 

,-. ..Google 
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Synchronous Condenser Calculations. — In figuring on the 
installation of a condenser for correcting power factor troubles, a 
careful survey of the conditions should be made with a view of 
determining just what these troubles are and to what extent they 
can be remedied by the presence of a leading current in the system. 
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jfphaee characteristic curve* taken from * General 

rarionj loads with constant tallage and varying field excitation. There ia a certain 
field current at each load that causes a minimum current. Any increase or decrease 
of field from the value increase* the current and cauaei it to lead or lag with respect to 
the line voltage. By referring to the minimum fetal curve, it will be noted that if the 
machine be running at full load minimum input current and load ia taken off, the cur- 
rent will be leading or vice vena. In each case the phase characteristic curve was run 
back on the lagging aide to the break down point. At no load and one quarter load the 
motor still ran in step when the field was reduced to zero and oven taken off altogether, 
and it waa necessary to reverse the held current in order to back down the motor. Thar 
mnmr him without a Up. aa a synchronous motor, in this condition, obtaining its excita- 
i laavin? current and running as a reaction machine. The amount of load 
without field varies with the design, the average being about 40% 
be noted from the Jimil of stability curve that the lighter the load 
on the machine when it breaks down from lack of sufficient excitation, the greater the 
current input at this point. The no load characteristic rises sharply on each side with 
alight change in field current, while it flattens out with increase in load until at over- 
load the current incut is p-tf^icaflv tVe «iw throughout a large range of field current. 
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PlO. 2,486. — Comparison of t) 



Dt corves and speed power factor arm of » 

. ItwillbenoterftbattJiepowerfactoroftheiyii- 

■iuuEiiiii uie squiiTci caaewinamg. m [he machine approaches synchronism, how- 
ever, the magnetizing current of the induction motor drops to a very much lower value 
than in the synchronous motor and the power factor is consequently much higher. The 

or even higher when running full speed and normal voltage. This of course is due to the 
large air gap on the synchronous machine. The current at start with full voltage 
applied is usually higher in an induction motor owing to the fact that the total impedance 
of the stator and rotor arc less due to the greater distribution of the windings and the lower 
resistance of the squirrel caRe. The high magnetizing cu 

Even though the motor can be brought practically to synchronous speed while still or 

obvious thing to do is to get the field on?' "" : ' 

ously equal to the circuit current of the mac nine at no joauneiu. in some cases aooiuonu 

" x ig through the 



>r whilestili on die compensator, when 
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It is necessary to possess a thorough knowledge of the system, 
covering the generating capacity in energy and kva. , average and 
maximum load, and power factor on the alternators, average and 
maximum load, and power factor on the feeders, system of dis- 
tribution, etc. 

The desirable location of a condenser is, of course, nearest the 
inductive load in order to avoid the transmission of the wattless 



factor of a given kw. load U 

— "be original k 
y of thcpO' 



b CMC would roault in a leading power factor, leu than u 



current, but it often happens that a system is so interconnected 
that one large condenser cannot economically meet the conditions, 
in which case it may be better to install two or more smaller ones. 
The question of suitable attendance should also be considered 
and, for this reason, it may be necessary to compromise on the 
location. When the location of the condenser has been decided 
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upon and the load and power factor within its ?one detercnknad, 
tie proper size of condenser to raise the power factor to a givep- 
Vftlue can be found as follows: 

The method of procedure can best be explained by reference to a- 

concrete case. Assume a load of 450 kw. at .65 po ver factor. It is 
desired to raise the power factor to .9. What will he the rating of the 



.4? 






_££*" 



2,488, it is necessary to start with 4S0 

kw. At .65 power facto r, or 692 kva., this has a wattless lagging com- 
ponent of V692 s -450 1 =525 kva. With the load unchanged and the 
power factor raised to .9, there will be 500 apparent kva., which, willhave 
a wattless component of V500 1 +450 1 = 218kva. 

It is obvious that the condenser must supply the difference between. 
525 kva. and 218 kva., or 307 kva. A 300 kva. condenser would, 
therefore, meet the requirements. 

If' it be desired to drive some energy load with the condenser and 
. still. bring the total power factor to. 9, proceed as indicated in fig. 2,489- 
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a total load of 150 kw. on the motor. Aa before, 4501cw. at 
.65 power factor, or 692 kva., with a wattless component of 525 kva. 

The energy load will be increased from 450 to 600 kw. as indicated, 
and with the power factor raised to .9 there will be a kva. of 667. with a 
wattless component of V667 s -600>=291. 

There must be supplied 525 - 291 = 234 in leading kva. 

The synchronous motor then must supply 150 kw. energ y and 234 
kva. wattless, which would give it a rating of Vl50 , +234*«278 kva. 
at .68 power factor. 
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Pig. 2.*89. — Diagram for synchronous condenser calculation (or cases where it ii desired to 
drive some energy load with the condenser and stilt bring the total power factor to .B. 

The standard 300 kva. condenser would evidently raise the power 
factor slightly above .9 power factor leading. -i - ' '* ! ■' ■ ' " ■■» ■ 

By reference to the chart, fig. 2,490, the size of the required condenser 
can be obtained direct without the use- of- the above caldulatibfi. The 
method of using this curve is as follows: Assume a load of say 3,000 kw. 
at .7 power factor and that it be desired to raise the power factor to .9. . 
Run up the vertical line at 3,000 kw. to the .7 power factor line, and from 
there along the horizontal line to the margin and find a wattless com- 
ponent at this power factor of 3,000 kva., approximately. Again run 
up the 3,000 kw. vertical line to the .9 power factor line and from there 
along the horizontal line to the margin and find a wattless component 
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of 1,500 kva. 7ne rating of the condenser wBl then be 3,000 leva.— 1,900 
bva. — 1,500 kva. This table of course can be used for hundreds of 
bOowatts as well. 

For determining the rating of a synchronous motor to drive an energy 
load this curve is not so valuable, although it can be used in determining 
the wattless component direct in all cases where the energy component 



energy load to apparent load and wattless o 



and power factor are known. Knowing this energy component and 
power factor or wattless component, the energy load can obvioudy be 
found by referring to the curved lines on the diagrams, the curve that 
crosses the junction of the vertical energy line and the power factor at 
wattless component line giving the total apparent kva. 



* ^ Google 
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CHAPTER LXII 
INDICATING DEVICES 



Alternating current ammeters or voltmeters indicate the 
virtual values of the current or pressure respectively, that is to 
say, they indicate, the square root of the mean square of a variable 
quantity. 

MAXIMUM VALUE 




Pic 2,491. „. 

Tho virtual value, or .TO7X 



meter. Thus, if 



The virtual value of an alternating current or pressure is 
equivalent to that of a direct current or pressure which would produce 
the same effect. 
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The relation of the virtual value of an alternating current to 
the other values is shown in fig. 2,491. When the current follows 
the sine law, the square root of the mean square, value of the 
sine functions is obtained by multiplying their maximum value 
byl-i- V2,or.707. 

The word effective is commonly used erroneously for virtual, 
even among the best writers and the practice cannot be too 
strongly condemned*.! The difference between the two is 



illustrated in Guide No. 5, page 1,013, fig. 1,237, the mechanical 
analogy here given mayj njake the distinction more marked. 

Iil the operation of a steam engine, there aretwo pressures acting on 
the piston: 

1. The forward pressure; 

2. The back pressure. 

The fortyard pressure on one side of the piston is that due to the live 
steam from, the boiler, and the back pressure, on the other side, that dun 
to the resistance or opposition encountered by the steam as it "*»■"«*» 
from the cylinder. . --'■ 

In order that the engine may run and do external work, it is" evident 
that the fo rward pressure must be greater than the back pressure, ami 

■NOTE.— I adhere to the term virtual, as it was in nse I 
i Paris Congress to denote the sq 



the word elective. I adhere to the term virtual mainly because effective 
usual meaning in kinematics to represent the resolved port of a force which ana 
the Hue of motion, the effective force being the whole form multiplied by the 
angle at which It acta with respect to the direction of motion.— S. P. Thompson. 

tNOTE.— The author adheres to the term virtual because 
tjfldnic is used to denote the difference at two ~— ™»*~> I™™— 



it be used for the forward or virtual 
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it follows that the pressure available to run the engine is the difference 
between these two pressures,' this- prtssiire difference being kit'owt as 
the effective pressure, that is to say •■'...' '. 

effective pressure*' forward pressure — back pressure 



-drop) "."" ' 

In the case of the steam engine, the forward pressure absolute, thai 
is, measured from aperfect vacuum is the virtual pressure (not consider- 
ing the source).. The back pressure may vary widely for different con- 
ditions of operation as illustrated in figs. 2,493 anr} 2,494. 
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Figs. 2,493 and 2.494. — Steam en gin a indicator cards 
misuse of the term effective as applied to the prt 
card 6g. 2.493, represents the performance of a steam ... 
pressure and exhausting into the atmosphere. The ea 
pheric line shows that the friction encountered by the st 

pipe produces a back pressure of two lbs. Hence at the instant represented oy t 
y, the eiBective pressure is 60— 2 — 58 lbs., or using absolute pressures, 74.7 
lbs., the Tlrtuaf pressure being 60 lbs. gauge, or 74.7 lbs. absolute. Now, the 



'eX£st 



inalogy, the 
lbs. (gauge) 
the exhaust 



card, fig. 2,494.^ Here, 



n-ablyre , „ , 

' -'■ ■ of the atmosphere is removed £ro 

Jp .... , ire is only B lbs., and the effectivi 

Thus, in the two cases for the name tIt trial p: 
tolute, the effective pressures are of " " 



al pressure of 
1 68.7 lbs. reaps 



In the measurement of alternating current, it is not the aver- 
age, or maximum value of the current wave that defines the 
current commercially, but the square root of the mean square 
value, because this gives the equivalent heating effect referred 
to direct current. There are several types of instrument for 
measuring alternating current, and they may be classified as 
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1. Electromagnetic (moving iron); 

2. Hotwire; 

3. Induction; 

4. Dynamometer. 

Electromagnetic or Moving Iron Instruments. — This 

type of instrument depends for its action upon the pull of flux 



G. 2,495.- -A calibrated scale. Thia meant that printed scales are not employed, but 
instrument has its scale divisions plotted by actual comparison with standards, after w 
the division lines are inked id by a draughtsman. There are makes of direct cor 
instruments employing printed scales in which the scale deflections are f i ' ■ - 
even though the scales are printed, bat printed scales should not be used 



in endeavoring to reduce the reluctance of its path. This pull 
is proportional to the product of the flux and the current, and 
so long as no part of the magnetic circuit becomes saturated, 
the flux is proportional to the current, hence the pull is pro- 
portional to the square of the current to be measured. 
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Ques. What are some objections to moving Iron 

instruments? 

Ans. Instruments of this type are not independent of the fre- 
quency, wave form, or temperature and external magnetic fields 
may affect the readings temporarily. 
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Pig. 2,497. — Plunger form of electromagnetic c 



There are several forms of moving iron ammeters, which may 
be classified as 

1. Plunger; 

2. Inclined coil; 

3. Magnetic vane. 
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. Queia. Describe the plunger type. ,----.. 

Ans. This type of ammeter consists of a series coil ae 
seftiron plunger forming a solenoid, the plunger is so suspended 
$&£ t^ niagnetic pull due to the current flowing through the 
coil is balanced by gravity,.as shown in fig. 2,497. ■: ■ .-,-,'Zjx \ - .: 

Ques. How should the plunger be constructed to 
adapt it to alternating current, and [why F~ ] 

Ans. Ij; should be laminated to avoid eddy curredts. 



'/ I 




Fig. 2,497. — One form of plunder Instrument at made by Siemens. It has parity antbrt 
is dtad beat, and is shielded from external magnetic influence. The moving •ystetn cm- 
«t«r» n( a thin nnft imn near shaped plate I pivoted on a horinrntal spindle S mnnnuj to 
: spindle S & also attached a light pointer P and ft light win 
airying a light piston D, which worlcs in a carved bj- *"""■ "' 
the end B but fully open at the other: A, ■*-■ -™-* 
neat dead beat. 



W, bent as Bhi 
Thii tube T is 



ir making the in 



Ques. What Is the character of the scale and how 
should it be constructed? 

v~ Ans. The scale is .not . uniform and should he hand made 
and calibrated under the conditions which it is to be used. 
Ques. What is the objection to moving iron ammeters ? 
Ans. Since the coil carries the entire current they are large 
and expensive. 
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Ques. What precaution should be taken in installing 
moving iron ammeters ? 

Ans.. -Since gravity iSTfoe controlling force, the instrument 

shc^djbjj carefully levelled. \ 

Ques. . Describe an Inclined coil instrument.,, "■ \ 

. Ans. , It consists of a coil mounted at an angle to a shaft 
carrying. the vane and pointer, as shown in fig. 2,498. A spring! 
forms the controlling force and holds tnVpbinter at zero ^henj 
no current is flowing. _„.,.- :' , ■"' " '"■ - / ' u -i 

I 



fts. 2.498. — Inclined coil form of electromagnetic or moving iron instrument, 

Ques. What is the principle of operation of the inclined 
coll instrument ? 

Ans. When a current is passed through the coil, the iron 
tends to take up a position with its longest sides parallel to the 
lines of force, which results in the shaft being rotated and the 
pointer moved on the dial, the amount of movement depending 
upon the strength of the current in the coil. 

Ques. Describe a magnetic vane instrument. 

Ans. It consists of a small piece of soft iron or vane mounted 
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Fm. 9.499. — Magnetic nnc form of electromagnetic or moving iron instrument. 



FlO. 3.B0O.— Magnet ic vane movement of a Wagner inetrnment ; it ia uied both for voltmsMBJ 
end flmmetcra. This type differi from the dynamometer movement in that a vane of vary 



-,_,Qwof resisting t£ 

Oe ipring does not CHIT »ny cu 



■ only (or the purpose of resisting the pull on the vano and the returning of toe 
. Thetn-' — J - 
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cm a shaft that is pivoted a little off the center of a coil as shown 
in fig. 2,499, and carrying a pointer which moves over a scale. 

Ques. How does it work? 

Ans. Its principle of operation is that a piece of soft iron 
placed in a magnetic field and free to move, will move into such 
position as to conduct the maximum number of lines of force. 
The current to be measured is passed around the coil, produc- 
ing a magnetic field through the center of the coil. The mag- 
netic field inside the coil is strongest near the inner edge, 
hence, the vane will move against the restraining force of a 
spring so that the distance between it and the inner edge of 
the coil will be as small as possible. 



k. 2,501. — Solenoid and plunger Illnncmttnlt the operat 
When a current flowi through the coil, a field is set up i 

of force. The current flowing in the direction indicated oy tue arrow inuuees a norm 
pole at N. which in turn induces a south pole in the plunger at S. thus attracting the 
plunger. The effect of the Held upon the plunger may also be stated hy saying that it 

Una of force, that is. toaard the solenoid. Thus if ABCD be the initial position of the 
plunger only five line* of force pass through it ; should it move to theposition A' B' C D', the 

The operation of moving iron instruments of the plunger type may be 
explained by saying that the current flowing in the coil produces a pole 
at its end and induces an unlike pole at the end of the plunger nearest 
the mil, thus attracting the plunger, as illustrated in fig, 2,501 above. 
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Hot Wire Instrument!. 

—Instruments of this class 
depend for their operation 
on the expansion and con- 
traction of a fine wire car- 
rying either the current to 
be measured or a definite 
proportion of that current 

The expansion or contrac- 
tion of the wire is caused 
by temperature changes, 
which in turn are due to the 
heating effect of the current 
flowing through the wire. 

' -Since the-variations in the 
length of the wire are ex- 
tremely small, considerable 
magnification is necessary. 
Pulleys or levers are some- 
times used to multiply the 
motion, and sometimes the 
double sag arrangement 
shown in rig. 2,504: 

As here shown, A is the 
active wire carrying the cur- 
rent to be measured and 
stretched between the termi- 
nals T and T. It is pulled 
taut at its middle point by 
another wire C, which car- 
"riefet'no current, ' and is, 
in its turn, kept, tight 
by a thread passing., round 
the pulley.- D attached to 
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the pointer spindle, the whole system bring kept in tension by the 
Spring £. 

Hot wire instruments are equally accurate with alternating or direct 
current, but have cramped scales (since the deflection is proportional to 
the square of the current), and are liable to creep owing to unequal 
expansion of the parts. There is also the danger that they may be 
burnt out with even comparatively small overloads. They are not 
affected by magnetic fields but consume more current than the other 
types, these readings are inaccurate near either lend of the scale. 



KXS- 



H V 



OB 



tic 2,80*. — Diagram illrutnitmg Che principle of hot wire 

in the active wire A, stretched bet 1 *■ — -'-'" — 

pulley D to which a attached, the p 



C, thread ETand 



Induction Instruments. — These were invented by Fer- 
raris, and are sometimes called after him. They are for alter- 
nating current only, and there are two forms: 

1. Shielded pole type; 

2. Rotary field type; • .ogle ' 



1,788 
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Ques. Describe the shielded pole type of induction 
Instrument. 

Ans. As shown in figs. 2,505, and 2,506 it consists, essen- 
tially of a disc A, or sometimes a drum and a laminated magnet 
B. Covering some two-thirds of the pole faces are two copper i 
plates or shields C, and a permanent magnet D. 

scale 




SHIELDS^ >> 



n* 



IT 



PIC5. 2,505 and 2,509.— Plan and el 



of shielded pole type of induction 



Ques. How does it work? 

Ans. Eddy currents are induced in the two copper plates or 
shields C, which attract those in the disc, producing in conse- 
quence a torque in the direction shown by the arrow, against 
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the opposing action of a spring. Magnet D damps the oscillations. 






• primary and a secondary, or induced 

Tribadies the principle of a abort circu _ 

*D jL a secondary or closed coil B, linked in inductive relation to the pt 
nated iron core C, constructed to give a completely closed magnetic circc 

ilteraating current. This movement of the secondary B is opposed by a 
Imt the eitent o( movement will be dependent upon aud_ will indicate 

Jie contour of the scale, an adjui " 



ic cots. The effect of 1 this coil is inversely proportionaito 
e swing"' «•■ «-™i n ti,. ,.•_„.-. K. »hri,,-.. „^ ,i n. 



g B, is adjusted to awing freely and with a large amount of* clearance, bet' 
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Pigs. 2,508 to 


























edgewise pattern : fig. 
2,S11, illuminated 
dial voltmeter. 



* by Google 



INDICATING DEVICES 1,791 

Ques. Describe the rotary field type of induction 
Instrument. 

Ans. The parts are arranged similar to those of wattmeters, 
the necessary split phase being produced by dividing the current 
into two circuits, one inductive and the other non-inductive. 



Pic 2.512.— Hwkins _ .„ „„ .„ 

which in oompoaed of nlicon rteel, permitting low magnetic densities to bo mod. 

Dynamometers. — This type of instrument is used to measure 
volts, amperes, or watts, and its operation depends on the 
reaction between two coils when the current to be measured 
is passed through them. One of the coils is fixed and the other 
movable. 

Ques. Describe the construction of a dynamometer. 

Ans. It consists, as shown in fig. 2,513, of a fixed coil, composed 
of a number of turns of wire, and fastened to a vertical support. 
The fixed coil is surrounded by a movable coil composed of a 
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Pic 2,613. — Diagram of Siemens' dynamometer. It consists of two coils on a ot 

but act in planes at right angles to each other in such a way that a torque __ r _ 
brtween the two coils which measures the product o! their currents. This torque is mr 
ured by twisting a spiral spring through a measured angle of such degree that the coils shall 
resume their original relative positions. Whin constructed as a toll mete*, both cou> 
are wound with a large number of turns of fine wire, making the instrument sensitive to 
■mall currents. Then by connecting a high resistance in series with the instrument it can 
be connected across the terminals of a circuit whose voltage ia to be measured. W«*a 
dmstriAOti as o wattmeter, one coil is wound so as to carry the main current and the 
other made with many turns of fine wire of high resistance suitable for connecting across 
the circuit. 
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fewnumberof turns or often of oniyone turn of wire. The movable 
coil is suspended by a thread and a spiral spring attached to a 
tortive head which passes through the center of a dial. The 
ends of the movable coil dip into mercury cups, which act as 
pivots and electrical contacts, making connection with one end 
of the fixed coil and one terminal of the instrument as shown. 
The tortion head can be turned so as to place the planes of the 



Fie. 2,514.— Wagner dynamometer movement. In this type of instrument the deflection is 
proportional to the square of the current, producing a constantly decreasing senaitiveneas 
aa the pressure applied is decreased. The dynamometer movement is. for any indication, 
more accurate than, the magnetic vane, but cannot readily be employed for the indication 



coils at right angles to each other and to apply tortion to the 
spring to oppose the deflection of the movable coil for this 
position when a current is passed through the coils. A pointer 
attached to the movable coil indicates its position on the grad- 
uated dial between the two stops. Another pointer attached to 
the tortion head performs a similar function. 



HAWKINS ELECTRICITY 



Pre. 8,Hie.— Wag- 



pacitiea 25, GO. 
lOO, and 200 
waits, and are 
built for pfei- 
aiirea of 750 to 
60,000 volti. 



anployed for 



spring only for the propose 
sistidf the pull on the van 

m" ^aynanonwter' 1 ':. 
ment la recommended tor volt 



* by Google 
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Ques. How does the dynamometer operate? 

Ans. When current is passed through both coils, the movable 
coil is deflected against one of the stop pins, then the tortion 
head is turned to oppose the movement until the deflection has 
been, overcome and the coil brought back to its original position. 



the movable , 

Hjiinfii, ud counter weights. 



element of Keystone dynamometer instrument. The illustration 3] 
air vino for damping the oscillations, contro 
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a. 2.S18. — Keystone dynamometer movement. Since the law governing this type ot bstrn- 
ment is the law of current squares, it follows that in the case of voltmeters, equally divided 

divided, due to the fact that the movement of the moving coil is proportional to the prod- 
uct of the current in the fiied and moving coils. The moving parts have been made u 
light in weight as is consistent with mechanical strength, and the entire moving system is 
supported on jeweled bearings. The motion of the pointer is rendered aperiodic by the 
use of an aluminum air vane moving in a partially enclosed air chamber. This method 
of damping the oscillations of the moving parts renders unnecessary the use of mechanical 



a wattmeter. 
'■' icr directly 



INDICATING DEVICES 

The angle through which 
the tortion head was 
turned, being proportional 
to the square root of the 
angle of tortion, the cur- 
rent strength in amperes is 
equal to the square root of 
the angle of tortion multi- 
plied by a calculated con- 
stant, furnished by the 
maker of the instrument. 

Qu.es. How Is the dy- 
namometer arranged to 
measure watts? 

Ans. When measuring 
watts, the instrument 

should be so arranged that p,c 2.6m— Leeds and rjorthrup ei«trt>-dyna- 
one coil carries the main 



current, and the other a 
small current which is pro- 
portional to the pressure. 



It is a idiabls instrument for tkt 

■t <tf altematint currents of commercial 

When wound with fine wire end 

_ ___raectioa with properly wound resist, 
it is equally useful for measuring alternating 
l-ea, and may thus be employed to calibrate 
alternating current voltmeters as well as ammeters. 
To alye accurate results the instruments must be 
carefully constructed and designed with a view to 
avoiding the eddy currents always set up by alter* 



Ques. In the con- 
struction of a dyna- 
mometer what material 
should not be used and 
why? 

Ans. No iron or other 
magnetic material should 

be employed because of the hysteresis losses occasioned thereby. 
The frame should be of non-conducting material so as to avoid 
eddy currents. 
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Pics. 2,620 to 2,526. — Various types of Warner instruments. Fig. 2,520. small round type: 
fig. 2,521. horisontal edgewise type; fig. 2.522, smallest switchboard type; fig. 3,623. port- 
able type; J«. JJS24. combination voltmeter and ammeter in one case; fig. 1JB5, verticil 
type', fid. 2,520, polyphase type. 
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Watt Hour MeterB. — A watt hour meter is a watt meter 
that will register the watt hours expended during an interval 
of time. Watt hour meters are often erroneously called recording 
or Integrating watt meters. 

There are several types of the electromoter form of watt hour 
meter, which may be classified as 



He £,527 — Interior Weston single phase wattmeter. The general appearance of the dynarao- 
HK movement and therelative positions of the various parts are clearly shown. The 
parta an assembled on one base, the whole movement being removable by iinfanttming 
lin boh*. The Axed winding, is made up of two coils, which together produce the fiald 
of the wattmeter. The movable coU ia wound tt 
treated with cement. While winding, th 
insertion of the staff, which is centered Dy means of 
inside surface of the coil and forming a part thereof. 
by two tiny pins which pass through the staff and en 
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Pig. 2,528. — Westinghouse sln(te phase Induction type wi 
The friction co nip* una t Ion, or light load adjuBln 
unbalancing til 



'iqht torque. It will be noted that this toraut d 
— :tically constant, and is entirely [n dependent of the 1 

by means of either of two screws which makes micro; .-^- -.,—._. 

i j _i — idjusted by means of a set screw, which prevents change. 

.__ , accuracy of adjustment which effectively preventt creeping. 

ha power factor sidiustment consists of an adjustable compensating coil placed around 
■a shunt pole tip. This is adjusted at the factory by twisting together * 

l are first calibratf 



if, thus altering it: 



ontwisted to make them correct on 133 cycles. To change such a meter for use on 
cles it is necessary only to retwist these leads to the point shown by the condition 
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1. Commutator type; 

2. Induction type; 

3. Faraday disc type. 

Ques. What are the essential parts of a watt hour 
meter? 
Auk. A motor, generator, and counting mechanism. 



o 



Pas, 2,528.— Pointer and movable system of ' 
in fig. 2.627. The pointer consists of a triai 
tip of very thin metal being mounted at ii 
by a rib stamped into the metal. The t 
consisting of a flat center web, provir' 

aim carrying a nut by means of whic- 

The longest aim, which is opposite the point, 
walled sleeve provided with a relatively large 
with 272 threads to the inch, the internal dian 
than the outside diameter of the screw, and t 
sprung into place and properly adjusted it wi 
which is forced over the end of the staff ca 
flanged shoulder and a nut. By perforating 
hole having two flat sides that fit snugly ov 
the pointer is given a definite and permanentl 
consists of two very light symmetrically disp 
made as nearly ah- tight as possible. These v 
by ribs, stamped into them and by the edges, i 
of the side walls of the chambers. They are at 
on a sleeve similar in construction to the on 
bar is held in place by a nut, and is provide 
sides, being similar in shape to the one in the 
sleeve and definitely locates the vanes with 
The damper box is cast in one piece to form 






Ques. What is the function of the motor? 

Ana. Since the motor runs at a speed proportional to the 
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energy passing through the circuit, it drives the counting mechan- 
ism at the proper speed to indicate the amount of energy consumed. 
Qiies. What is the object of the generator? 



Fic.2,E30.— Westinghouaeoolypnaae Induction type watt tour meter, coven nmovad. 

type ia made for two phase three wire and four wire — J -i.— ■■ ->- — --i 



phase three win and foot 
T 500 volts require tjuna- 
read directly in kilowatt 
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Quea. Is there any other resistance to be overcome by 
the motor? 

Ans. It must overcome the friction of all the moving parts. 
Ques. Is the friction constant? 
Ans. No. 

5 g 5 & 




It will 

direction from Aiwa, maic 
repented during each cycle, 

Ques. 'What provision Is made to correct the error 
doe to friction? 

Ans. Th» meter is compensated by exciting an adjustable 
auxiliary field from the shunt or pressure circuit. 
Ques. What is the construction of the generator ? 
Ans. la nearly all meters It consists of a copper or aluminum 
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DISCS OF BILLIARD 
CLOTH, SOAKED IN 
JEWELERS' OIL. 



disc carried on the 
same shaft with the 
motor and rotated in 
a magnetic field of 
constant value. 

Ques. How is the 
counter torque 
produced? 

Ans. When the disc 
is rotated in the mag- 
netic field, eddy cur- 
rents are induced in 
the disc in a direction 
to oppose the motion 
which produces them. 



Ques. For what 
services is the com- 
mutator type meter 
used? 

Ans. It is used on 
both direct and alter- 
nating current cir- 
cuits. 



Pigs. 2,634 and 2.535.— Cross section 



bearings of WestmBhtmse induction type *»tt no 
uauH uf a very highly polished and hardened steel bi 
:up jewels, one fiiea in the end of the bearing screw and t 
sleeve on the end of the shaft. Owing tc 



a vertical position, and is subject to virtually n. 

si drillef ia the shaft. The bottom of this ri 

;h match oil. A 51m of oil in 



d consequently little friction. 
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Ques. What Is the objection to the commutator meter? 

A113. The complication of commutator and brushes, and the 
fact; that the friction of the brushes is likely to affect the accuracy 
of the meter. 



current ci rruits regardless of the power factor, and em bodies fs* usual 

with each other and in series with the 1:' ' 
Of A reactance cr " ' 



merit of the meter consists of « current circuit composed of two coila connected in se 



bne to be measured. In addition, the pressure circuit contains a light load coi 

B laminated sheet steel rr — '-— -J--- ■•>■■' .... j :_. ..... .,.,_..._ 

connected across a small 



laminated sheet steel member, adjustably arranged in the core of the pressure coil and 



connected across a, small number of turns of the reactance coil so as to give a Held sub- 
stantially in phase with the impressed pressure. The light load winding is further provided 
with a Beries adjustable resistance furnished for the purpose of regulating the current 
flowing in the light load winding, thereby providing a means of lagging the meter on high 
frequencies, such as 125 or HO cycle circuits. The pressure circuit also comprises a las 
toil wound over the upper limb of the core of the pressure circuit and provided with an 
adjustable resistance for obtaining a field component in quadrature with the shunt field, 

Ques. What are its characteristics? 

Ans. It is independent of power factor, wave form, and 
frequency when no iron is used in the motor. 
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Ones. What meter is chiefly used on A. C. circuits? 

Ans. The induction meter. 

Principles of Induction Watt Hour Meters. — Every 
commercial meter of this type is made up of a number of elements, 



Pro. 2,537.— Port W 



inverted and placed at the top of the meter. EadnlMMOt 
,-i cups are mounted on a single shaft so that the reautraOaa 
I of the two elements. The meter is provided with tone ■£ 



er between the two motor element*. The supporting bracket is attached to tl" 
crews and aligned by two dowel pins. The nsisterisof the fonrdnl 
iwatt hours. Each division of the right hand circle, or that paaast 
pidly moving pointer, equals one kilowatt hour in meters without' 
letersof larger capacities dial constant* of 10, 100 and 1,000 areuarf. 
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described below. Each of these elements and parts has certain 
functions, and each is therefore necessary to the successful oper- 
ation of the meter; moreover, each element, unless correctly de- 
signed, may introduce a source of inaccuracy . These elements are: 

1. The field producing element; 

2. The moving element; 

3. The retarding element; 





38 to 2, .141.— Connections pt Fort W»yno multi-phaso 
■ MAB snd MAX), for 100-625 volt circjii" ' 
' t, 26-38 cvclw.bg. 



5^150 amp™. Fig. 2.538 two and 
two and three phase, 3 wire circuit, 
26-36 cycles; bg. 3.611 two phase. 



4. The registering element; 

6. The mounting frame and bearings; 

6. The friction compensator; 

7. The power factor adjustment; 
t. Frequency adjustment; 

9. The case and cover. 



* ^ Google 
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1. The Field Producing Element.— This consists of the 
electro-magnetic circuit and the measuring coils. One of these 
coils, connected in series with the circuit to be metered, is wound 
of few turns and is therefore of low inductance. The current 
through it is in phase with the current in the metered circuit. 
The other coil, connected across the circuit, is highly inductive, 
and therefore the current in it is nearly 90 degrees out of phase 
with, and proportional to the voltage of the metered circuit 



Full-Load 
Micromt 
Ad Justin 



PlC. 2,542. — Port Wayne single phase induction watthour meter with cover removed. The 

rotating parts consist of an aluminum disc mounts — - ■'•"■-* " V - A * "' " J - • — 

rr1 " '- J t -- : :*d in it a hardened steel p 

. meter shaft is drilled anc 




the two magnets are firmly clamped 
u an integral part of ther------ ' 

accurately determined by 
:d firmly to the mil 



r ._ . . ._ milled magnet support ' ._ ...._ . 

figure. Tub adjustment for accuracy on light load is secured by varying the position 



metal punching;, known as the starting plate, laterally under the pressure pole in tbs 
path of the pressure flux. This lateral movement is accomplished by means of the 
micrometer screw. When the proper position of this punching has been accurately deter- 
mined by adjustment and test, it is secured in place by tightening 1 the two bran screws 
which serve to damp It to the router frame. 
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across its terminals. Therefore, when the current in the circuit 
is in phase with the voltage (100 per cent, power factor) the 
currents in the meter coils are displaced almost 90 degrees with 
respect to each other. 

Quea. How is this angle made exactly 90 degrees? 

Ans. By means of the power factor adjustment. 

Oues. How are the coils mounted? 

Ans. They are so mounted on the core that the currents in 



13. — Rear view of Port Wayne single phase induction watthour meter with back 
:r plate removed. The pressure and current coils and their respective cores lie behind 
main frame of the meter. This complete electromagnetic unit can be removed as a 

number of turns being very high. The current coils have but few turns each and are 

mbling in the meters. The laminated iron cores placed withinthese coils are built 
from magnetic steel. The magnetic circuits formed by the cores of the pressure and 

rts of external stray fields, while the astatic arrangement of the permanent magnets 
la to prevent any influence on the da mpin g system. The fact that the iron frame of 
meter lies between the permanent magnets ana the current coils protects the magnets 
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them produce a rotating or shifting field in the air gap, in some- 
what the same manner that the currents in the primary windings 
of an induction motor produce a rotating field. 

Ques. What is the strength of the rotating field with 
90 degrees phase difference between the currents? 

Ana. It is proportional to the product of the currents in the 



Pic 3,544. — Port Wayne angle phase induction wattbour meter with cover register and 
permanent magnets removed to show solid meter frame. A heavy steel back plate held in 
place by two screws inserted from the front of the central casting encloses the back part 
of the completely- assembled meter. A felt gasket lying on a suitable ledge seal* the 

metallic stomping. It is held in place by wing nuts on the two light brass studs extending 
forward from the meter frame. This joint between the main frame and tie cover ia also 
sealed against the entrance of dust and moisture by the use of a suitable felt gasket. Two 
glass windows are provided in this cover, one to permit the reading of the register disk, 
the other to permrt observation of the disc's rotation. The cover is sealed in place in the 
usual nay by passing a sealing wire through a bole drilled in the cover sealing ctnd and 
thence through a hole provided in the wing of the seal nut. The terminal chamber is ass 
extension of the casting which supports ail the inner parts of the meter. The heavy bras* 
terminals used for connecting the meter in circuit are held permanently by a mm nasi 
bustible insulating compound which is moulded in place around +>»»"» This construction 
" "" is a safeguard against accidental short circuits across tsr- 



w and through a lug pi 



coved. This hinged style of cover. will be it 
" : - " *■■ - - ■"■ T Yhen this cover 



When this cover is swung 
" ■ " - he Ml 
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two coils and therefore proportional to the product of current 
and voltage in the metered circuit. 

At any other power factor the field is proportional to this product 
multiplied by the sine of the angle of phase difference between the two 
meter currents. If the current in the voltage coil be in quadrature with 
the voltage of the metered circuit, at any power factor the sine of the 
angle of phase difference between the currents in the meter circuits 
will be equal to the cosine of the angular displacement between the cur- 
rent and voltage in the metered circuit. Under these conditions there- 
fore the strength of the shifting field is proportional also to the power 
factor of the circuit. In other words, the strength of the rotating field 
ia proportional to the product of the volts, amperes and power factor 
and is therefore a measure of the actual power. 



He induction watt hour m 
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Que*. In what part of the meter la energy consumed? 

Ans. In the field producing element. 

It is upon the design of this element that the losses in the meter 
depend. Current is flowing through the shunt coil continuously, even 
when no energy is being taken, and the higher the inductance of this 



Pig. 2,518. — Main grid or supporting frame of Ssngamo single phase induction watt hour meter. 
The grid is of cast iron and its design is such that the weight of the permanent magnets, 
aeries laminated element and return plate are carried on the main portion, the smaller 
projecting brackets carrying no weight except that of the moving system. The supporting 
pid is removed by taking out the three screws locating and holding it in position, to the 
iron base, Also removing at thesame time the screws connecting the leads of theseries mils 
to the binding posts at the bottom. The metere are all built with four binding post* so 

nection or with bo;h s^deEs of the circuit carried through the meter. The wire meter* employ 
a 220 volt shunt coil, connected across the binding posts within the meter, one aeries coil 
being in each of the outer linea of the three wire system. This rei ' 



coil, the smaller will be the energy component of the constant flow. The 
series coil causes a loss of energy proportional to the square of the 
current Bowing. It also causes a drop in voltage, both inductive and 
resistive, hence, the resistance and inductance of the series ccdl of the 
meter should be as low as possible. 
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Ques. How should the magnetic circuit be designed? 

Ans. The design should be such that the increase of magnetic 
flux with high voltage or high current will not have a retarding 
action but will act only to increase the torque. 

IE the retarding effect be not prevented, the meter will, of course, 
run slow at overloads. A comparative test of meters at varying load 
and at varying voltage will reveal the characteristics of the magnetic 
OtwJUft. 

2. The Moving Element. — This usually consists of a light 
metal disc revolving through the air gap in which the rotating 
field is produced. 



Pic 3.547. — Moving element of Sangamo single phase indue 
of a tight aluminum disc mounted on a hard brass shaft, 

the disc, shaft, and bearings is shown in fig. 2,548, By 

bearings the disc and shaft can be removed without disturuu^f um uhsucu ui Adjustments. 

Ques. What is the action of the disc? 

Ans. It acts like the squirrel cage armature of an induction 
motor, developing the motive torque for the meter. 

Ques. How is this torque counter balanced? 

Ans. By the retarding element so that the speed is pro- 
portional to the torque. 

Ques. How should the disc be made and why? 

Ans. As light as possible to reduce wear on the bearings to 
a minimum. I. lOtwIc 
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Boring system of Sangamo single phase induction 

vot,oc bearing is mods of tempered steel wire and of su; 
eiible in the length between the top of the brass shaft an 



be quite fleiible in the length between the top of the brass shaft and the guide ring in which it 
rotates. The guide ring, made of phosphor bronze, has the heavy hole lined ana burnished. 
'Hie upper bearing screw, in which the bronze bushing is carried, is so constructed that a lor* 
ue sleeve closely surrounds the upper pivot of the spindle. Any blow against the movi 



losely surrounds the upper pivot of the spindle. Any blow against the moving 
s ystem, caused by accident or short circuit, will slightly deflect the shaft until the steal 
pivot touches against the side of the shell, thus preventing danger of breaking off or bendiraj 
the upper pivot. At the same time a cushioning or flexible action between the abaft and 
the bearing shell ia secured, thus eliminating the effect of vibration in the moving system, 

which would tend to produce rattling. Tils fnwsc line jug siilsnf ill iinssinilimijansl 

supported in a threaded pillar, the upper end of which ia provided with a alecve so located 
that it prevents the moving element dropping out during shipment. This protecting steam 
is held Iiicticm tight on the shaft and can be removed if it be desired to inspect the jewel. 



INDICATING DEVICES 1,815 

3. The Retarding Element. — This part acts as a load on 
the induction motor and enables the adjustment of its speed to 
normal limits. In order that the speed shall be proportional to 
the driving torque, which varies with the watts in the circuit, 
it is necessary that the torque of the retarding device be propor- 
tional to the speed. For this reason a short circuited constant 
field generator, consisting of a metal disc rotating between per- 
manent magnet poles, has. been generally adopted. 

Ques. How is the retarding torque produced? 

Ans. Eddy currents are induced in the disc in rotating through 
the magnetic field which, according to Lenz law, oppose the 
force that produces them, thus developing a retarding torque. 

Ques. How Is the constant field for the retarding disc 
produced? 

Ans. By permanent magnets. 

The retarding disc may be the same disc used for the moving element, 
in which case the meter field acts on one edge while the permanent 
magnet field acts on the edge diametrically opposite. This arrangement 
simplifies the number of parts and saves space and weight of moving 
element. 

Ques. What error is likely to be Introduced by the 
retarding element? 

Ans. If the strength of the permanent magnets change 
from any cause, the retarding torque will be changed and the 
calibration of the meter rendered inaccurate. 

Ques. How may the strength of the permanent mag- 
nets be changed? 

Ans. They may become weak with age, or affected by the 
proximity of other magnetic fields. The series coil of the meter 
may, under short circuit so affect the strength of the permanent 
magnets as to render the meter inaccurate. 
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Qucs. What precautions are taken to keep the strength 
of the permanent magnets constant ? 

Ans. Weakening with age is prevented by the process of 
"Aging." The effect of neighboring fields is overcome by iron 
shields; this prevents the electro-magnets affecting, through 
overloads, the strength of the permanent magnets. 

4. The Registering Element. — This mechanism comprises 
the dials, pointers, and gear train necessary to secure the 



o watt houis from right to left. 

required reduction in speed. This gear train is driven directly 
by the rotor and therefore its friction should be low and constant. 
The dials should be easily read and should register directly in 
kilowatt hours. If a constant be used to reduce the reading to 
kilowatt hours, it should be some multiple of 10, to avoid errors 
in multiplication. By means of suitable gears in the meters this 
is easily accomplished. 

5. The Mounting Frame and Bearings. — These parts 
have an important influence on the accuracy of the meter, as it 
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is in the bearings that most of the friction in the meter occurs. 
The frame should be rigid and free from vibration, so that the 
bearings will be at all times in perfect alignment. 

Initial friction is unavoidable in any meter construction and can be 
easily compensated for. A change in the initial friction, however, due 
to wear. of bearings, makes readjustment necessary. 

In selecting a meter the special attention should therefore be eiv< 
a the construction of the bearings, ™<-ti«ilnrV the. lnmr nr "st* 
bearing which supports the weight o 



Fb. 2^50.— Canadian dial of Sangamo single phase induction watt hour meter. It has a. small 
teat circle indicating one kilowatt hour per revolution in all sizes where the first regular 
circle indicates 10. This is provided to conform with the requirements of the Canadian 
government and it is intended that the hand on the test circle shall make not less than )4 
revolution in one hour with full load on a meter. In the cose of a 10 ampere meter, it will 
make one complete revolution in one hour and for a 2D ampere, two revolutions, and so on. 
The train or indicating mechanLnn is carried on a rigidly formed and swaged brass bracket, 
accurately located by two dowel pins set in the top face of the main grid, and ia held to the 
grid with two screws easily accessible when it is desired to remove the train for any 
purpose. All indicating trains used on type "H" meteiaare marked with symbols on tbi 
back of the train and on the compound attachment to indicate the gear ratio of each coo 
' "'" .... [ obtain ■ 



Ques. Describe a good construction for the step 
bearing. 

Ans. A desirable construction would consist of a very highly 
polished and hardened ball with iewel seats. 
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6. The Friction Compensator. — The object of this device 
is to overcome the initial friction of the moving parts. It is 
evident that if this initial friction were not compensated some 
of the driving torque of the meter would be used in overcoming 
it, and the meter would therefore not rotate at very light load, 
and not fast enough at other loads, thus rendering the registra- 
tion inaccurate, especially at light loads. 



Pkj. %BS1. — Bane and ihunt coil of Sangamo single phase induction watt boor m 



the shunt or pressure coil sometimes breaks 



,.. fat easy replacement. The shur 

coil is held to the bate by two dowel pins and four screws, enabling it t 

unit as ahown. A new core and coif may then be substituted withou -— ^__ 3 ., ^ 

removing end replacing laminations. The shunt coil in 26 cycle meter* is wider and coo- 
tains more steel than the 80 and 133 cycle coila, the winding also being correspondingly h> 
creased. The return plate and series coil laminations are also dunged in proportion to 
correspond to the increased width of the shunt magnet. The laminations [onniiig the core 
are laced into the ahunt coil, and subjected to t...j.„,.i:-_ -i.. ^__._ L .:_. 



compact unit and eliminate humming. The laminated con 

of the ahunt element has but a single air gap in which these disc* rotate. 

Since meters are usually run at light loads it is important that 
an efficient light load adjustment or friction compensator should 
be provided. 

Ques. What important point should be considered la 
the design of the friction compensator? 

Ans. The compensating torque must not cause the moving 
element to rotate or "creep" without current in the series con. 
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The rotation of a meter is caused by two distinct torques, the varying 
meter torque, dependent on the power in the circuit, and the constant 
torque adjusted to compensate the initial friction. 

The friction at all speeds is not exactly the same as the initial friction, 
and therefore the friction compensating torque may be in error a few 
per cent, at high speeds. 



: magnetic d 
2,6o3, nari 



^.bh of Sangamo single phase induction 

..... and riido view. As shown, the gap of the 

._ j, projects in between the poles of the aerie* magnet, 

plate bending around so as to dear the upper leg of the shunt magnet. This 

gives the desired proximity of shunt and series fields with a maximum radius of action for 
both acta of field. In all capacities up to and including 60 amperes, 2 wire and 3 wire, 
round wireand taped series coils are used, and in capacities of SO and 100 amperes, strap 
windings. Meters exceeding 100 ampere capacity have five ampere co:]s and are operated 
from external current transformers having G ampere secondaries. The series winding! 
or coils are mounted on a laminated iron U shaped magnet having a laminated return path 
above the disc of the meter, thus forming air gaps in which the disc rotates. The series 
Boils in all capacities not having strap windings are held firmly in position on the yoke so 
that they cannot slip up from the lowest position. This is accomplished by means of apsif 
of spring brass clips slipped through the coils oaths rear face of the yoke, the clips .being 
held by the two screws which fasten the series magnet to the main grid. As an additional 
precaution, spring steel lock washers are put beneath the heads of the holding screws, thus 

If the compensating torque be small compared with the driving torque, 
this small error percentage is negligible in its effect on accuracy. The 
smaller it is, the greaterwill be the accuracy at all loads, and therefore, 
as the compensating torque is adjusted to balance the initial friction, 
the initial friction should oe small comoared with the driving torque. 
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A high driving torque and law initial friction are therefore desirable, 
but any increase in the driving torque which necessitates an increase in 
friction, is obviously useless. 

The desirable feature of a meter is high ratio of torque to friction. 
As the friction is practically proportional, to the weight of the moving 
element, in meters having the same form of bearing, the ratio of torque 
to weight of rotor gives an approximation to the ratio of torque to 
friction, but the design of bearing should not be overlooked. 

A meter having a high torque obtained by using a thick and con- 
sequently heavy disc, often has a lower ratio of torque to weight than 
another with lower torque, and is consequently likely to be less accurate 
over a given range. Furthermore, the heavy disc is a distinct dis- 
advantage because it produces more wear on the bearings and thus 
reduces the life. 



Fig.a,sw, 




' Sangamo single phase induction meter. Fig. 2, 
tty i Eg- 2.555, 3 wire muter. 5 — 100 ampere capacity 



7. The Power Factor Adjustment. — This adjustment is 
necessary to make the phase angle between the shunt and series 
field components 90° with unity power factor in the metered 
circuit. Owing to the resistance and iron loss in the shunt field 
circuit, that field is not shifted quite 90° with respect to the 
voltage. Yet exact quadrature is necessary to make the strength 
of the resultant field, and consequently the rotor speed, pro- 
portional to the power factor, as explained in the discussion of 
the field producing element. 

Ques. What is the usual construction of the power 
factor adjustment? 

Ans. It usually consists of a short circuited loop enclosiiig 
part or all of the shunt field flux. 
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Ques. How does this loop act? 

Ans. It acts like the secondary of a transformer. 

The flux induces a current in it which, acting with the current in the 
shunt coil, produces a slightly lagging field. By shifting the position of 
the resistance of the short circuited loop, the lag may be so adjusted 
that the shunt field flux is in exact quadrature with the voltage. It 
should be noted, however, that this adjustment makes the meter correct 
at or near one frequency only. This feature is not objectionable if 
reasonable accuracy be maintained within the limits of normal variation 
of frequency. 




of 8*ngsmo dngto phai 



8. Frequency Adjustment. — This is often desirable, par- 
ticularly for systems operating at 133 cycles. Most makes of 
meter are ' provided with means for changing the adjustment 
from 133 to 60 cycles in case of change in the system. 



9, The Case and Cover. — These parts should be dust and 
bug proof, to avoid damage to the bearings, insulation and 
moving parts, and should of course be provided with means for 
sealing. 

Terminal chambers so arranged that the cover of the met« 
element need not be removed in connecting up, are an important 
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contact C, passes through 
the comparatively high 
resistance mercury H to 
the edge of the low re- 
sistance copper disc D 
across the disc to the 
mercury H and out of 
contact C. The mag- 
netic flux cuts across the 
disc on each side from 
N to S, making a com- 
plete circuit through M 
and M'. The relative 
directions of the magnetic 
flux and the current of 
electricity as well as the 
resulting motion are shown 
in fig. 2,559. According 
to the laws of electro- 
magnetic induction, if 
a current carrying con- 
ductor cut a magnetic 
field of flux at right angles, 
a force is exerted upon 
the conductor, tending to 
£ push it at right angles to 
B both the current and the 
I flux. When connected to 
s an eddy current damper or 
s generator which requires 
S a driving force directly 
1 proportional to the speed 
of rotation, the mercurv 
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motor generator becomes a meter. The speed of such a meter 
is a measure of the current or rate of flow of the electricity 
through the motor element, and each revolution of the motor 
corresponds to a given quantity of electricity. Then, by 



connecting a revolution counter to this motor generator, a 
means is provided for indicating the total quantity of electricity 
In ampere hours that is passed through the meter. ... 
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Ques. How is the flux produced in the alternating 
current form of Faraday disc meter? 

Ans. By the secondary current of a series transformer. 

Frequency Indicators. — A frequency indicator or meter is 
an instrument used for detennining the frequency, or number of 
cycles per second of an alternating current. There are several 




PIG. 2 ,581. — Circuit diagrai 
10 ampero, larger cur 

drop across the shunt 



is the battery ia fully cl 



iter. It ia rated at 

In opera Hon, the main or 
a part proportional lo the 
Mured. The only effect of 
a of the meter. In battery 
npere hours from a battery 
:r be used for repeated and 



le charging, t 



forms of frequency indicator, whose principle of operation differs, 
and according to which, they may be classed as 

1. Synchronous motor type; 

2. Resonance type; 

3. Induction type. 
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Ques. How is a synchronous motor employed as a 
frequency Indicator? 

Ans. A small synchronous motor is connected in the cir- 
cuit of the current whose frequency is to be measured. After 




charge. Thi. — ... - .... , ...... — . , 

of overcharge. Such a meter indicates at all times the amount of electricity ava 
for useful work without resetting the pointer every time the battery ia charged. In 
words, the battery and the meter would keep in step for considerable periods of 
without readjustment. The Sangamo differential shunt meter is designed to meet 

BJNbowD. ^rtiJve D vali-- H ^'"- ,; ' -- ■ — -""^-''-'V- — -' "''-- --°.-- u " -i"" n 

that the meter can be made 

desired. The usual method 

on charge and the exact err . ... ^. . 

battery, or the overcharge. If the meter be provi 

battery can be given an amount of overcharge pre 

G. Therefore the amount of overcharge can be fi) 

actual charging done by any unskilled person. since a 



leter to register less than tl 



th a charge Stopping 
inud by the Betting * 
dvanee by a skilled : 
iitodoisf '-' " 
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dete rminin g the revolutions per minute by using a revolution 
counter, the frequency is easily calculated as follows: 

frequency = (revolutions per second X number of pole) + I. 



for other pressures. The tegular portable 
50 to 300 volts, and for thin nurnosa Ihev are 
terminals for 85, 100, 130,180, and 250 voll 

mechanically, and thereby permitting o! regulating the i 

the standard pressure range of 50 to 300 volts, up to « 



Arranged for preasuT 

ir adjusting 



d with eight 



intended for connecting; to one specific supply or to the secondary of a pressure trans- 
lating device. The frequency tang* -- '— ■* - ■- •='""' — ■' ' '- •-- '— ■■- 



jbtiua easily readable indications, one reed Is provided for every quarter period for fre- 
quencies below 30, for every half period for frequencies between 30 and 80, and for every 
whole period for frequencies between SO and 140. The use of a smaller number of reed. 



If period for frer 

» - , .... tween SO and 14u. mi use oi a ainHiiernuin 

that is to say, of larger intervals between the periods of vibration of adjou 
only recommended for circuits having very variable frequencies, as otherwise no i«u 
nrightlrcspond to the vibrations caused by intermediate frequencies. The arrangement 
of the separate reeds on a common base piece, permits supplying any combination of 
interval that may be required. It is often desirable to secure two ranges with one set 
of reed. To do this a second electromagnet is supplied. It is polarized, and operates 
on the same base plate. In the case of alternating current when the unpolarized magnet 
is used the reeds receive two impulses during each cycle, while with the polarised mag- 

tator may be connected to change both. This device is only applicable when alternating 
current is measured. Instruments with unpolariied magnets are made with frequencies 
of 15 to 800 cycles per second. 
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Ques. Describe the resonance method of obtaining 
the frequency. 

Ans. In construction, the apparatus consists of a pendulum, 
or reed, of given length, which responds to periodic forces having 
the same natural period as itself. The instrument comprises a 
number of reeds of different lengths, mounted in a row, and all 
simultaneously subjected to the oscillatory attraction of an 
electromagnet excited by the supply current that is being 



\zjsaazs33BU 



measured. The reed, which has the same natural time period 
as the current will vibrate, while the others will remain practically 
at rest. 

The construction and operation of the instrument may be better 
understood from figs. 2,565 and 2,566, which illustrates the indicating 
part of the Frahm meter. This consists of one or more rows of tuned 
reeds rigidly mounted side by side on a common and slightly fiefible base. 

The reeds are made of spring steel, 3 or 7 mm. wide, with a small 
portion of their free ends bent over at right angles as shown in fig. 2,566 
and enameled white so that when viewed end on they will be easily 
visible. The reeds are of adjustable length, and are weighted at the eni 
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When the magnet is excited by alternating current, or in te r rupt ed 
direct current, the armature is set in vibration, and that gives a slif ht 
movement to the base plate at right angles to its axis, thereby affecting 
all the reeds, especially those which are almost in tune with its vibrations. 

The reed which is in tune will vibrate through an arc of considerable 
amplitude, and so indicate the frequency of the exciting current. 

Ques. For what use is the resonance type of frequency 
meter most desirable? 

Ans. For laboratory use. ■ 



TlD. 3,567 < — WeatinghoMe induction type frequency meter. The normal frequency ia usually 

thus dumping by tin method of eddy currents. The standard matars an designed tot 
circuits of 100 volte nominal and am be used for voltages, up to 125 volts. For higher 
voltages, transformer! with nominal 100 volt secondary should be used. 

Ques. Describe the induction type of frequency meter. 

Ans. It consists of two voltmeter electro-magnets acting in 
opposition on a disc attached to the pointer shaft. One of the 
magnets is in series with an inductance, and the other with a 
resistance, so that any change in the frequency will unbalance 
tie forces acting on the shaft and cause the pointer to assume a 
new position, when the forces are again balanced. The aluminum 
disc is so arranged that when the shaft turns in one direction 
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the torque of the magnet tending to rotate it decreases, wiiila 
the torque of the other magnet increases. The pointer there- 
fore comes to rest where the torques of the two magnets an 
equal, the pointer indicating the frequency on the scale. 
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1 25, to, 60. 125 m 



it operating point is marked at ap- 
le advantage of very open division!. 
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Ques. What is the object of the aluminum disc? 

Ans. Its function is to damp the oscillations of the pointer. 

Synchronism Indicators. — These devices, sometimes called 
synchroscopes, or synchronizers indicate the exact difference in 
phase angle at every instant, and the difference in frequency, 



PM. 2,670. — Westinghouse rotary type of synchroscope or synchronism indicator. The indi- 
cation is by means of a pointer which assumes at every instant a position corresponding 
to the phase angle between the pressures of the_ busbars and the incoming machine, and 

rotation indicates whether the machine be fast or slow, and the speed of rotation depends 
on the difference in frequency. The pointer is continuously visible, during both the 
dark and light periods of the synchronizing lamps. 

between an incoming machine and the system to which it is 
to be connected, so that the coupling switch can be closed at 
the proper instant. There are several types of synchronizer, 
such as 

1. Lamp or voltmeter; 

2. Resonance or vibrating reed; 

3. Rotating field. lOgle ' 
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The. simplest arrangement consists of a lamp or preferably 
a voltmeter connected across one pole of a two pole switch? 
connecting the incoming machine to the busbars, the other pole 
of the switch being already closed. 

If the machines be out of step, the lamps will fluctuate in 
brightness, or the voltmeter pointer will oscillate, the pulsation! 



Fie. 3JSTI. — General Electric synchronism indicator. The syne] 
a motor vhosi itdd i, suiilitd urilk HmUpkaic current from out, 
ctooniaid,audUsarmalurtfromt)ueth*t. The armature carries twi 
mt a large angle, one supplied through a resistance, the other 
This uiuigEmcnl generates ■ rotating field in the armature, wt 
is alternating. The armature tends to assume a position when 
when the alternating field passes through ita m u rim uni; hence, thi 
move forward or backward at a rate corresponding to the differ 
the position when stationary depends on the phase relation. 1 
running at the same frequency and in phase the pointer is stations 
In cons true Uon. it is like a small, two phase, bipolar synchronoii 
supplied with alternating instead of direct current. The armai 
bearings in order to make it sufficiently sensitive and smooth in 
tore coils are not exactly SO degrees apart, since it is not possiti 
the two coils exactly in quadrature without introducing condense 
construction. Standard raliuu arefor 110 and 220 volt circuits. 
should be ordered jar Iht frequency of the circuit on which Ikey ar^ 
the instruments may be used on circuits varying 10 per cent 

1 on the dial indicate 

■ or lower than that o 

, — . ........... .... ... ..._ . jns that the inoomin 

too high speed, counter clockwise rotation indicating too low spa 

becoming less and less as the incoming machine approaches syn- 
chronous speed. Synchronism is shown by the lamp remaining 
out, or the voltmeter at zero. 
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Ques. How does the resonance type of synchronism 
Indicator operate? 

Ans. On the same principle as the resonance type of fre- 
quency indicator, already described. 

Ques. What is the principle of the rotating field type 
of synchronism indicator ? 

Ans. Its operation depends on the production of a rotating 
field by the currents of the 
metered circuits in angularly 
placed coils, one for each 
phase in the case of a poly- 
phase indicator. In this field 
is provided a movable iron 
vane or armature, magnet- 
ized by a stationary coil 
whose current is in phase 
with the voltage of one 
phase of the circuit. As the 
iron vane is attracted or re- 
pelled by the rotating field, 
it takes up a position where 
the zero of the rotating field 
occurs at the same instant 
as the zero of its own field. 
In the single phase meter 
the positions of voltage 
and current coils are inter- 
changed and the rotating 
field is produced by means 

hO. 2^72.— GmenlElertricMtera^fedWioeB ©f a Split phase winding, 

SuJ^^SS&^^SSJSaSSSS. connected to the voltage 

■ • b. Dtacod behind circus 



HAWKINS ELECTRICITY 



| R ESI5IM1GE- RUCIAHCZ BOX 
YHCHRWlSn INDICATOR 




OS. 2,673 to. 2,878. — Connection of General Electric synchronism indicator. Pig. 2,573. 
connections with grounded secondaries on pressure transformers; fig. 2.574, connections 
with ungrounded secondaries on pressure transformers; fig. 2,575. connections for 200 to 
2*0 volt circuits, with six point receptacles; fig, 2,576. connections (or checking locution of 
nm11*. The vurlmiH tatinna TfTforred to in the diagrams will be found marked on the 
d back of reactance coil box. It is important that the 



instrument be connected ii 

to the mark on the upper pan oi me scale wnen syn 
pointer become moved or a change in its position be 
check on the indication before relocating the needle. 1 
Connect together (fig. 2.673) studs marked B and E 
on the external reactance bo*.. When these connect 

the pointer will stand vertically at the point of syni 

Tina is the only connection possible when grounded w 
and for the high voltage indicators when used as in fi 
—■I— •— f«g. 2.S74.) the lamps may be connected as in 
■ — ' --' "- — : — k The connections to th 



it the i .... 

obtained. In c 



2,575, but * 



,ied, aa in fig. 2,573. 

ith ungrounded sec. 
hey will show bright 
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Power Factor Indicators. — Meters of this class indicate the 
phase relationship between pressure and current, and are there- 
fore sometimes called phase indicators. There are two types: 

1. Wattmeter type; 

2. Disc, or rotating field type. 



— General Electric synchronising receptacle and plus for use with synchronism 



FlG. 2,6TB. — Westinghouse rotating field type power factor meter. The rotating field [a 






of the syst«n, i_ - ,.... , ... 

field ia produced by three coils spaced 60^ apart; in the two phase meter oy two coufl 
spaced tf0°i in the single phase meter the positions of voltage and current coils are in- 
terchanged and the rotating field is produced by means of a split phase winding, con- 

gle phase meters indicate the power factor of a single phase circuit, or of one branch oi 
■ any polyphase circuit. Special calibration is necessary in order to use a single phase 
instrument on a three phase circuit unless the voltage coil be connected from one line 
to tiie neutral. Polyphase meters indicate the average angle between the currents and 
voltages and are superior for polyphase service' to meters having only one current coiL 



MV 
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In the wattmeter type, the phase relation between the pressure and 
■ the current fluxes is such that on a non-inductive load the torque is eero. 

For instance, in a dynamometer wattmeter, the pressure circuit it 
made highly inductive and the instrument then indicates volts x am- 
peres X lift £ instead of volts X amperes X cos <t>, that is tt 
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Ad. 2,579.— Single phue pi 



w rotating field or disc type. 



Ques. Describe a single phase power factor meter of 
the disc or rotating field type. 

Ans. It consists of two pressure coils, as shown in fig. 2,579, 
placed at right angles to each other, one being connected through 
a resistance, and the other through an inductance so as to "split" 
the phase and get the equivalent of a rotating magnetic field. 

The coils are placed about a common axis, along which is pivoted an 
iron disc or vane. The magnetizing coils F6 are in series with the load. 
If the load be very inductive, the coil M experiences very little torque and 
tile system will set itself as shown in the figure. As the load becomes less 
inductive, the torque on S decreases and on M increases so that the 
system takes up a particular position for every angle of lag or lead. 

Ground Detectors. — Instruments of this name are used for 
detecting (and sometimes measuring) the leakage to earth or 
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Pre. 2*80.— Weatfaghou 

b. must be taken m 



coil (for aUtrnalint current) 
moviui iron instr 
for direct current) i 



preferred. Ounti 
having some point 
manenriy earthed at 



system, of the ne 

of a three phase . . 

ammeter connected in the 
earth mire wfll aerre as a 
rough guide. It should in- 
dicate no current ao long aa 
the insulation i* in • a*M- 
faetory state, but on the oe- 
curraiceof an earth it will 



The indicationa are, how- 
ever, often misleading, and 

fta. 2.S81.— Weatinghouse three phase electrostatic ground detector. 
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— Wallis-Jones 




eitktr main la earth, and in thai the circuit cannot be permanently re-established until I 
. leak has been remaned. The instrument mid iU connections may be explained by the 
aid of the accompanying diagram, in which Ti and Tt represent the points of connection 
from the mains, and Ti and T«, the points of connection to the circuit to be protected. Si 
Si, and Si will preferably be ordinary tumbler switches, hut they are diagrammatically 
represented as plain bar switches, their fiied contacta being diagrammatically represented 
by dotted circles. When the three switches Si, Ss, and Si are closed, the current passes from 
Ti to Ti through the small resistance Ri. through circuit 1, to Ti, and back through the 
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CHAPTER LXIII 
WAVE FORM MEASUREMENT 



The great importance . of the wave form "in alternating 
current work is never denied, though it has sometimes been 
overlooked. The application ■ of large gas engines to the 
driving of alternators operated in parallel requires an 
accurate knowledge of the wave form, and a close confor- 
mation, to a sine wave if parallel operation is to be satis- 
factory. It- is also important that the .fluctuations in mag- 
netism of the, field poles should, be known, especially if solid 
steel pole faces be used. 

If an alternator armature winding be connected in delta, the presence 
of a third harmonic becomes .objectionable, as it gives rise to circulating 
currents in the winding itself, which increase the heating and lowers 
the efficiency of the machine. 

That the importance of having a good wave form is being realized, 
is proved by the increasing prevalence in alternator specifications of a 
. : clause specifying the maximum divergence allowable from a true sine 
waye. It is however perhaps not always realized that an alternator 
which gives a good pressure wave on no load may give a very bad one 
under certain loads, and the ability of the machine to maintain a good 
wave form under severe conditions of load is a better criterion of its 
good design than is the shape of its wave at no load. 

The question of wave form is of special interest to the power station 
engineer. Upon it depends the answer to the questions: whether he 
may ground nis neutral wires without getting large circulating currents; 
whether he may safely run any combination of his alternators in parallel; 
whether the constants of his distributing circuit are of an order liable to 
cause dangerous voltage surges due to resonance with the harmonics 
of his pressure wave; what stresses he is getting in his insulation due 
to voltage surges when switching on or oft etc. It has been shown by 
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Rossler and Welding that the luminous efficiency of the alternating cur- 
rent arc may be 44 per cent, higher with a flat topped than with a 
peaked pressure wave, while on the other hand it is well known that 
transformers are more efficient on a peaked wave. Also the accuracy 
of many alternating current instruments depends upon the wave shapes 

In making insulation breakdown tests on cables, insulators, or 
machinery, large errors may be introduced unless the wave form at the 
time of the teat be known. It is not sufficient even to know that the 
testing alternator gives a close approximation to a sine wave at no load; 
since if the capacity current of the apparatus under test be moderately 
large compared with the full load current of the testing alternator, the 



FlG. 2,583. — General Electric srmultaneoos record of three waves with common jero. 

charging current taken may be sufficient to distort the wave form 
considerably, thus giving wrong results to the disadvantage of either the 
manufacturer or purchaser. 

The desirability of a complete knowledge of the manner in 
which the pressure and current varies during the cycle, has 
resulted in various methods and apparatus being devised for 
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obtaining this knowledge. The apparatus in use for such pur- 
pose may be divided into two general classes, 

1, Wave indicators; 

2. Oscillographs. 



Pic. 2,684.— General Electric mmultamoua record of three waves witb sepMiie «ro«. 

and the methods employed with these two species of apparatus 
may be described respectively as, 

1. Step by step; 

2. Constantly recording. 

that is to say, in the first instance, a number of instantaneous 



1,842 
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values are obtained at "various ' points of the cycle, which are 
plotted and a curve traced through the several points thus 
obtained. A constantly recording method is one in which an 
infinite number of values are determined and recorded by the 




coils of a direct cum 

position, and fig. 2 .588 with 



Catteraon-Smith, Proc. 
' thcnentnl 



machine, thus giving a complete record of the cycle, leaving no 
portion of the wave to be filled in. 

The various methods of determining the wave form may be 
further classified as: 
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1. Step by step 



{oubert a method; 
bur part commutator. method;' 
Modified 'four part commutator method; ' 
Ballistic galvanometer method; 
Zero method; 
By Hospitaller ondograph. 




Fw. 2,587.— Oscillogram by Bailey and Cleghorae (Pros. I. E. E., Vol. XXXVIII). ■ 
the starkini pressure or pressure between the brush and Ike commutator stgmti 
moment of separation. The wbvm fall into groups of three owing to the fact th 
woe three annature coils in each slot. 



2. Constantly recording 



1\ 



-SIME WAVE 
-DISTORTED WAVE 
-PEAKED WAVE 




Pig. 2.B88.— Various wave forma. The sine wa 

according to the sine law. A distorted wave is due to the pro; 

by adding harmonica so that the ascending and ■ 
tricaL A peaked wave has " 1- ~ -: "" 



Joubert's Method. — The apparatus required for determining 
the wave form by this step by step method, consists of a gal- 
vanometer, condenser, two, two way switches, resistance and 
adjustable contact maker, as shown in fig. 2,589. 
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The contact maker is attached to the alternator shaft so that it wiU 
rotate synchronously with the latter. By means of the adjustable 
contact, the instant of "making" that is, of "closing" the testing circuit 
may foe varied, and the angular position of the armature, at which the 
testing circuit is closed, determined from the scale, which is divided 
into degrees. 

A resistance is placed in series with one of the alternator leads, such 
1 that the drop across it, gives sufficient pressure for testing. 

Ques. . Describe the method of ynqkifig the test. 

Ans. For current wave measurement switch No. 1 is placed 
a contact F, and for pressure wave measurement, on contact G, 




Do. %B8H.— Dbenm ffiDatntinc Joobort '■ stop by Mag method at > 



switch No, 2 is now turned to M and the drop across the resista nc e 
(assuming switch No. 1 to be turned to contact F) measured by 
charging the condenser, and then discharging it through the 
galvanometer by turning the switch to S. This is repeated 
for a number of positions of the contact maker, noting each 
time the galvanometer reading and position of the contact maker. 
By plotting the positions of contact maker as abscisses, and the 



WAVE FORM MEASUREMENT 




.__ ,. 1. the other to the voltmeter, and the c „. 

By adjusting R when * known direct current pressure u impressed a 
..I. .1 >. — . a jj, rta g xn g i direct «-"' - 







.. be used Cor any i 
. .... . . . _ . , . Elec tro-dynamometers are used and the cco- 

here shown- The moving coila *re connected in series to the contact 
coils are connected to the various sources to be investigated, then 
steady and by calibration with direct current can be mid* to read 
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galvanometer readings as ordinate, the curve drawn through 

them will represent the wave form. 

The apparatus is call 
through the resistance. 

Ballistic Galvanometer Method. — This method, which Is 
due to Kubber, employs a contact breaker instead of a contact 

REVERSIBLE SWITCH 




QUADKM1T 
Fig. 2,603. — Diagram illustrating the 

tact breaker is belted instead of attached rigidly to toe shaft, 

slightly out of synchronism, then by taking readings at reguL_ , . ._ 

obtained along the curve without moving the contact breaker. If this method be used, 
a non-adjustable contact breaker suffices. In arranging the belt drive bo as to nm 
slightly out of synchronism, if the pulleys be of the same size, the desired result is obtained 
by pasting a thin strip of paper around the face of one of the pulleys thus altering the 
velocity ratio of the drive slightly from unity. 

maker. The distinction between these two devices should be 
noted: A contact maker keeps the circuit closed during each 
revolution for a short interval only, whereas, a contact breaker 
keeps the circuit open for a short interval only. 

Fig. 2,592, shows the necessary apparatus and connections for applying 
the ballistic galvanometer method. The contact breaker consists of a 
laving an ebonite or insula ting segment and two brushes. 
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In operation the contact breaker keeps the circuit closed during all 
of each revolution, except the brief interval in which the brushes pass 
over the ebonite segment. 

The contact breaker is adjustable and has a scale enabling its various 
positions of adjustment to be noted. 

Ques. Describe the test. 

Ans. The contact breaker is placed in successive positions 



Pkss. 2J193 and 2,694. — Two rami representing pressure and current rcspcctridy cf a rotary 
anatrUr. Fig. 2,593. pressure wave V. fig. 2.564 current wave C. These waves wen 
obtained from a converter which was being driven by an alternator by means of an inde- 

formers and the ripples clearly visible in the pressure wave V, correspond to the number 

and galvanometer readings taken, the switch being turned to P, 
fig. 2,592, in measuring the current wave, and to G in measuring 
the pressure wave. The results thus obtained are plotted 
giving respectively current and pressure waves. 

Ques. How is the apparatus calibrated? 

Ans. By sending a constant current of known value through 
the resistance E 



I* 
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Zero Method. — In electrical measurements, a zero method 
is one in which tke arrangement of the testing devices is suck that 
the value of ike quantity being measured is shown when ike gal- 
vanometer needle points to zero. 

In the zero method either a contact maker or contact breaker 
may be used in connection with a galvanometer and slide wire 
bridge, as shown in figs. 2,593 and 2,596. 

j REVERSIBLE SWITCH 




3. 2.S9S.— Diagram iHustratina 
The voltage of the battery i 
id most be kept 



lum prewar* t*>ba 



Ques. What capacity of battery should be used ? 

Ans. Its voltage should be as great as the tnaxjmmn pres- 
sure to be measured. 

Ques. What necessary condition must be mai n t ained 
In the battery? 

Ans. Its pressure must be kept constant. 

Ques. How are instantaneous values measured? 

Ans. The bridge contact A is adjusted till the galvanometer 
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shows no deflection, then thettength AS is a measure of the 
pressure. ■.*«&*{. 

be directly measured with a volt- 

Ques. How did Merahon modify the test? 

Ans. He used a telephone instead of the galvanometer to 
determine the correct placement of the bridge contact A. 

/ I TWO-WAY SWIT CH 




pig. 2.see. „ „ 

The voltage of the buttery 

meaaured and must be kept constant. 



Ques. How can the instantaneous values be recorded? 

Ans. By attaching to the contact A, a pencil controlled by 
an electromagnet arranged to strike a revolving paper card at 
the instant of no deflection, the paper being carried on a drum. 



Hospitaller Ondograph. — The device known by this name 
is a development of the Joubert step by step method of wave 
form measurement, that is to say, the principle on which its 
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action is based, consists in automatically charging a condenser 
from each 100th wave, and discharging it through a recording 

galvanometer, each successive charge of the condenser being auto- 
matically taken from a point a little farther along the wave. 



srtsu 

As shown in the diagram, fig, 2,59?, the ondograph consists of a syn- 
chronous motor A, operated from the source of the wave form to b« 
measured, connected by gears B to a commutator D, in such a manna 
that while the motor makes a certain number of revolutions, the can- 
mutator makes a like number diminished by unity; that is to say, if 
the speed of the motor be 900 revolutions per minute, the 
will have a speed of 899. 
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The commutator has three contacts, arranged to automatically charge 
the condenser cc' from the line, and discharge it through the galvanom- 
eter E, the deflection of which will be proportional to the pressure at 
any particular instant when contact is made. 

In fig, 2,597, GG' are the motor terminals, HH' are connected to the 
condenser cc' through a resistance (to prevent sparking at the com- 
mutator) and I, I' are the connections to the service to be measured. 

A permanent magnet type of recording galvanometer is employed. 
Its moving coil E receives the discharges of the condenser in rapid sue 
cession and turns slowly from one side to the other. 



FlO. 2,508.— View of Hoapilaliet Dndograph. In op 

pen and actuated by electromagnets, records on a revolving drum a 
the alternating current, pressure or current wave. 

The movable part operates a long needle (separately mounted) carry- 
ing a pen F, which traces the curve on the rotating cylinder C. This 
cylinder is geared to the synchronous motor to run at such a speed as to 
register three complete waves upon its circumference. 

By substituting an electromagnetic galvanometer for the permanent 
magnet galvanometer, and by using the magnet coils as current coils 
and the moving coil as the volt coil, the instrument can be made to draw 
watt curves. Fig. 2,598 shows the general appearance of the ondograph. 
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Cathode Ray Oscillograph.— This type of apparatus for 
measuring wave form was devised by Brauu, and consists of a 

cathode ray tube having a fluorescent screen at one end, a small 



iplete with trucinj table. Tin 

. by using a piece of transparent 

_.., -uom bead of light which CM be 

rutting a permanent record. This is not, however, to be regarded a* ■ record- 



Baled. The synchronous motor for operating the By 

tracing and viewing attachment is wound for 100 to 115 volts, 25 to 12.} cycles, and should. 



iirrent should be connected is 
Irrors striking this synchronous mirrtr 
ni the length of the mh; the snt- 
and the combination gives the tvisf 
:es the image reflected by the mirrors 
ion of the photographic film, a small 



diaphragm with a hole in it at its middle, and two coils of a 
few turns each, placed outside it at right angles to one another. 



^ WAVE FORM MEASUREMENT 1,853 

These coils carry currents proportional to the pressure and cur- 
rent respectively of the circuit under observation. 
The ray then moves so as to produce an energy diagram on 

the fluorescent screen. 



the* 2.600. — General Electric moving coil oscfllograph. The moving elements couth! ef 
sjwfo loops of flat airt carrying a smalt mirror and held in tension by small spiral surimt. 

backward, thus causing the mirror to vibrate on a 'vertical axis. The vibrator element* 
fit into chambers between the poles of electro- magnets, and are adjustable, bo as to move 

film ia wrapped around a drum and held by spring damns. The drum, with film, is placed 
in a case and a cap then placed aver the end. making the case light, when the index 
ia either up or down. The loading ia done in a dark room, A driving dog is screwed into 
the drum shaft, and which, when the drum and case are in place, revolves the film past a slot. 
When an exposure Is to be made, the index ia moved from the closed position, thus 
opening the slot in the case and exposing the film to the beam of light from the vibrating 
mirrors when the electrically operated shutter is open. The slot is then closed by moving 
the index to "Exposed.'* A slide with ground gloss can be inserted in place of the film 

operating mechanism is arranged so as to hold the shutter open during exactly one revolu- 
tion of the film drum. There are two devices connected to the shutter operating mechanism; 
one opens the shutter at the instant the end of the film passes the slot; the other oneni 

first is useful when making investigations in which the events are either recurring, or their 
beginnings known or under control, and the second when the time of the event is not 
under control, such as the blowing of fuses or opening of circuit breakers. 

The instrument is much used in wireless telegraphy, as it is 
capable of showing the characteristics of currents -of very high 
frequency. 
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Via. 2,601. — General Electric moylng coll wcHloftraph with cast removed, showing interior 
construction and arrangement of farts. The oscillograph is furnished complete with ■ time 
element electromagnet galvanometer, optical system, shutter and shutter operating mech- 
anism, film drivingmotor and cone pulleys, photographic and tiscing_ attachments ,8 film 
holders, and the following repair parts, for vibrators: 6 extra suspension strips: 6 TUnrntot 
mirrors; 1 box gold leaf fuses; 1 bottle mirror cement; 1 bottle damping liquid . 



Pig. 2,602.— Oscillogram 

(below), and (above) 



(below), a , 

mutator brush. The 12 nwtur 
harmonic in the alternating c\ 
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Glow Light Oscillograph.— This device consists of two 
alu min u m rods in a partially evacuated tube, their ends being 
about two millimeters apart. When an alternating current of 
any frequency passes between them a sheath of violet light forms 
on one of the electrodes, passing over to the other when the 
current reverses during each cycle. The phenomenon may be 
observed or photographed by means of a revolving mirror. 



HO. 2.603. — Curves by Morris, illustrating the dangerous rush of ci 

1 on closing tl 
. the full flui 



The circuit was broken at _ 

* light right off the photographic plat' 



11 this residual flu«. The dotted line* have been drami 
IM actual una mn distorted from the normal. 

Moving Iron Oscillograph. — This type is due to Bloodel, 
to whom belongs the credit of working out and describing in 
considerable detail the principles underlying the construction 
of oscillographs. 

The moving iron type of oscillograph consists of a very thin vane of 
iron suspended in a powerful magnetic field, thus forming a polarized 
magnet. Near this strip are placed two small coils which carry the 
current whose wave form is to be measured. 

The moving iron vane has a very short period of vibration and can 
therefore follow every variation in the current. 
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WAVE FORM MEASUREMENT 1,857 

r which reflects a beam of light 



Moving Coll Oscillograph. — The operation of this form 
of oscillograph is based on ike behavior of a movable coil in a 



7 



A^/ 



■ss. 3.60S nnd 2, SOS. 

of th« Phanoma „ „ — 

XXXII). The affect of resonance on the wave forms of altematoia ha* been the 
•object of much investigation and discussion; it is a matter of vital importance to t] 
engineer in charge of a lane alternating current power distribution system. Fig. 2,61 
allows the present* curve of an alternator running on a length of unloaded cable, tl 
11th harmonic being very prominent. Pig. 2.606 shows the striking alteration product 
by reducing the length of cable in the circuit and thus causing resonance with the 131 



It consists essentially of a modified moving coil galvanometer combined 
with a rotating or vibrating mirror, a moving photographic film, or a 
faffing photographic plate. The galvanometer portion of the outfit is 
usually referred to as the oscillograph as illustrated in figs. 2,608 to 
2,612, representing diagrammatically the moving system. 

In the narrow gap between the poles S, S of a powerful magnet an 
stretched two parallel conductors formed by bending a thin strip of 
phosphor bronze back on itself over an ivory pulley P. A spiral spring 
attached to this pulley serves to keep a uniform tension on the strips, 
and a guide piece L limits the length of the vibrating portion to the part 
actually in the magnetic field. 



HAWKINS ELECTRICITY 



A small mirror M bridges across the two strips as shown. The effect 
of passing"a current through such a "vibrator is to cause one of the 
strips to advance while the other recedes, and the mirror is thus turned 
about a vertical axis. 

Each strip of the loop passes through a separate gap (not shown in 
thefiguiej. The whole of the "vibrator," as this part ot the instrument 
is called, is immersed in an oil bath, the object of the oil being to damp 



PIG. 2,607. — Genera] view of electromagnet form of Duddell moving coil oscillograph, showing 
oil bath and electro-magnet. This instrument is specially designed to have a very high 
natural period of vibration (about ln<w) of a second) so as to be suitable for accurate 
ir frequencies up to 300 per second. In the figure. 
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ES. 2.60S to 2.612.— VOnUf of Dnddell moving coil oscillograpl 
bath of electromagnet oscillograph. The vibrntor cOnaUtaof i 
ports two soft iron pole pieces P.P. Between these, a long narro 1 
parts by a thin soft iron partition, which runs up the canter, 
the brass wire U. passes from an insulated brass plats to the 
ivory guide block, down one of the narrow grooves and over 
loops round the ivory pulley O, which pats tension on the st 
to the guide blocs: again, up the other narrow groove, and ot 
brass plate and lead V. Halfway up the grooves the center ii 
cut away to permit of a small mirror M. bridging across from o 
stuck to the strips by a dot of shellac at each comer. The fij 
vibrator in which P is removable from W for ease in repairing. 
P,P are not removable. The vibrators areplaced side by side i 
S.S of the electromagnet, see fig. 2.S10. Each vibrator is pivo 
the bottom center fitting in the base of the oil bath, and the 01 
by a screw in the cock piece V. It can thus be easily turned in 
fixed by the adjusting screw L. a spiral spring serving to keep 1 
tact with this screw. Since each cock piece can be iodependen 
je tipped slightly in either of these d 
:. _,_..._, -i refleoied spots of llgh 




reflected beams of light. It 

at no trouble will be given 

from the vibrator mirrors to 

1 convenient working deflec- 

led with a R.M.S. current 

ding to wave form. etc. Ttu> 

lould not exceed 5cm. while the 
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the movement of the strips, and make the instrument dead beat. It 
also has the additional advantage of increasing by refraction the move- 
ment of the spot of light reflected from the vibrating mirrors. 

The beam of light reflected from the mirror M is received on a screen 
or photographic plate, the instantaneous va'ue of the current being pro- 
portional to the linear displacement of the spot of light so formed. 

With alternating currents, the spot of light oscillates to and fro as the 
current varies and would thus trace a straight line. 

To obtain an image of the wave form, it is necessary to traverse the 
photographic plate or film in a direction at right angles to the direction 
of the movement of the spot of light. 



" 3,013.. -Duddell moving toll OfctUuftrHph vxtk prtytctwx aw! tracing dnk cwtjU. Tha 
outfit ii designed for teaching and lecture purposes. In operation, after the beam qf UtM 
fromlhe_ arc lamp has bait rejected from tht mcilhfrafh mirrors, it falls ona ribratin, mirrm 
which ffpu ii a defection proportional to time in a direction at nght angles to the defection 
it already has and which is proportional to Ua current poising through the oidUoirafk. 
It is therefore only necessary to place ■ screen in the pith of the reflected beam of light to 
obtain a trace of the wave form. Since the vibratiiif mirror is vibrated by moans of a can 
on the shaft of a synchronous motor, which motor is driven fr om, or synchronously wish, 
the source of supply whose wave form is being investigated, the wave form ii repeated 
time after time in the same place oa the screen, and owing to the "persistence" of vuaoo. 
the whole wave appears stationary on tho screen. The synchronous motor with it* vibrating 
rationed above, is located underneath the "tracing desk." When used in thai 
, m ™ . f.n. r^.ti—«~. fa amplitude is seen through a sheet of *—- ' 



which is bent round a curved sheet of glass. A permanent record of the wave form can 
thus easily be traced on the paper. A dark box which is designed to hold a sheet of aan- 
aitiied paper in place of the tracing paper, can be fitted in place of the tracing desk. Thus 
as actual photographic record of the wave form is obtained. If the synchronous motor 
be transferred from its position underneath the tracing desk to the space reserved for it 
close to the oscillograph, the beam of light is then received on a large mirror which is placed 
at an angle of about 45 degrees to the horizontal and so projects the wave form onto a 
large vertical screen which should be fixed about two and a half meters distant. Under 

which is therefore visible to a large audience. 

Ques. How are the oscillograms obtained in the 
Duddell moving coil oscillograph? 

Ans. In all cases the oscillograms are obtained by a spot of 
light tracing out the curve connecting current or voltage with 
time. The source of light is an arc lamp, the light from which 
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passes first through a lens, and then, excepting when projecting 
en a screen, through a rectangular slit about 10 mm. long by 
1 mm. wide. The position of the lamp from the lens is adjusted 
till an image of the arc is obtained covering the three (two 
moving, one fixed) small oscillograph mirrors. The light is 
reflected back from these mirrors and, being condensed by a 
lens which is immediately in front of them, it converges till an 
image of the slit is formed on the surface where the record is 



n <Ooo • ecoo « 
ly following wave 



r*3S. 2.614 and 2.6U.— Sectional view of pennant* % £ C*tt 

oadlloftimph. Thii instrument has a lower natural period of vibration (= 
than the type shown in fig. 2.613, *nd therefore ii not capable of accurately foil 
forma of such high frequency, hut it ia sufficiently quick acting to follow wave mnm at 
all ordinary frequencies with perfect accuracy. It is easier to repair, and mora portable, 
owing to the fact that tho magnetic field is produced by a permanent magnet instead el 
an electro-magnet. This also renders the instrument suitable for use on high tension 
eircuita without earth connection, as, owing to the fact that no direct current excitation 
ia required, the instrument is mora easily insulated than other types. 

desired. All that is necessary now to obtain a bright spot of 
light instead of this line image is to introduce in the path of the 
beam of light a cylindrical lens of short focal length. 

Ques. What is the function of the mirrors on the 
vibrating vane? 

Ans. They simply control the direction of a beam of light 
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fig. 2.817, it will b 



circuit. The 

. . . ,. — or which give* 

a in adding two more resistances. Rt and Rs. Referring to 
; w fuse ft blow, or the vibrator be accidentally broken. 



to the oscillograph vibrator, ' 

plug resistance box for adjusting tl 
- ■ " " rtofRVa 



stance Ra is an exact duplicate of Ri, being a 21 ol 

,....„ . _.., ._ _e sensitivity of the vibrator to an even figure. In 

practice Ri is usually a part of Ri, and in most of the high voltage resistances, two taps are 
brought out near one end to serve as Ri. One of these taps is usually 50 ohms distant 
from the end terminal and the other only 5 ohms from the end. The use of these tape la as 
follows : The large resistance consisting of Ri +Ri is so chosen with respect to the voltage 
of the circuit und'.T invest! cation that the current through Pj is about .1 ampere. 7* 
should never bt more than this continuously. Then Riis connected to the 60 ohm tap, and 



id through the oscillograph froi 



by means of Rj. the current can Tie conti 

.091 of an ampere, enabling an open wave iorm to a convenient scale to no ootaineu. mi 
now be desired to record large rise* of pressure, such as may occur in cases of reso- 
nance, the height of the wave must be reduced in order to keep these rises on the plate. This ia 
accomplished by disconnecting Rj from the 50 ohm tap and Connecting it to the 5 ohm 
tap, when the current through the vibrator will be from .05 to .Old of an ampere according 
to whether the resistance Ri is in or out of circuit. When, instead of using the/oilini plate, 
the cinematograph camera is being used, it becomes necessary always to work on the 5 ohm 
tap since the width of the film is much less than that ol the plate, and tho current must 
therefore be less. In experiments where sudden rtsesof voltage are expected Uia 
often advisable to keep Ri as great as possible. That end of the resistance Ri referred to aaRi 
in the diagram should be securely connected to the supply main and no switch or fuse used. 
A switch may, if desired, be used in series with Ri, provided it be inserted at the point where 
Ri joins the supply main remote from Ri. It will be seen that fuses fi and fi are shown. 
Provided that the connections are always made in accordance with the diagram, and the 
iribrators are always shunted by R» or Ri respectively, there is not much objection fe) the 
use of these fuses, but on general principles ft is wise to avoid fuses iu high tension work 
nnti accordingly v.-ith each permanent magnet oscillograph, dummy fuses are supplied, 
which can be inserter! m place of the ordinary i ui es when desired. The remark frmowl, 
made about keeping both mbrators and thejr.me ■>.' th, instrument at approximately the some 
Pressure oppltis vtth additional emphasis in high pressure work. 
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in a horizontal plane in such a manner that its deflection from a 
zero position depends on the current passing through the in- 
strument, and it is therefore evident that the oscillograph is 
not complete without means of producing a time scale. 




:e box. The switch Si is however 
be used, since an infinity plug is ii 
about 1 volt across it in order to i 

.current through the vibrator. It 



.. jupiiiy voltage, s „ 

Teen.) Toobtaln Ihe cur 

unnecessary if the plus r< 
icluded in this box. The si 



together and to ' 
necessarily be ear 
is advisable, ho* 



the alter, or i 
"lame of 



iat the two vibrators should be sc 
■essure difference than 50 volls sk 
tr vibrator and the frame. To ■ 



rument.. This dc* 
earth it when possible. 



i insulated from the earth. It 
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Que*. How la 
the time scale 
produced? 

Ans. Either the 
surface on which 
the beam of light 
falls may be caused 
to move in a verti- 
cal plane with a 
certain velocity, so 
that the intersec- 
tion of the beam 
and the plane sur- 
face traces out a 
curve connecting 
current with time 
(a curve which be- 
comes a permanent 
record if a sensi- 
tized surface be 
used); or, the sur- 
face may remain 
stationary and in 
the path of the 
horizontally vi- 
brating beam may 
be introduced a 
mirror which ro- 
tates or vibrates 
about a horizontal 
axis, thus superpos- 
ing a vertical mo- 
tion proportional 
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to time on the horizontal vibration which is proportional to 
current, and causing the beam of light to trace out a curve con- 
necting current and time on the stationary surface. 

Qucs. What kind of recording apparatus la used with 
the Duddell oscillograph? 

Ans. A falling plate camera, or a cinematograph film a 



Pn &620. — Synchronous motor with vibrating minor as used with Duddell moving coU oeofl., 
tatwph. Since the motor null run synchronouily with tba wave form it u i s q a MI 
to investigate, it should be supplied with currtml from tin UMi source. The motor ca 
be need over a wide range of frequencies (from 20 to 120). When worlsinfl at freguecQea 

nrnose a suitable biua disc is used. The armature carrlee a eoctor, wMth mtt «#*V 
BaU/rMM Ik* arc limp iurint a fraction of tachraoltaitM, and a cam nUsa ™*i Ik* aW 
■Haain. It malcee one revolution during, twe camplete periods, and the earn 

aat sector an ao arranged that during 1W periods, the mirror it turning with niilfiali 
UBttlax velocity, while during the remaining half period, the mirror It brought back ' 
Wt Tt atr to iM angular petition, Hie light being cut off by the lector during thia hah! penal. 
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Ques. Explain the operation of the falling plate 
camera. 

Ans. In this arrangement a photographic plate is allowed 
' to fall freely by the force of gravity down a dark slide. At a 
certain point in its fall it passes a horizontal slit through which 
the beams of light from the oscillograph pass, tracing out the 
curves on the plate as it falls. 

The mean Speed of the plate at the moment of exposure is about 13 
feet per second. This speed is very suitable for use with frequencies of 

ig coil oscillograph for obtaialn* 

on tide at cue is shown removed 



the brass plate C. The exposure 
the plate C and can be opened or 



— ,_ te C, and the springs which 
) flat on the plate C, prevent the 

but a vertical motion as it pma 
t- B is the sprocket driving pulley 
with the perforations on the film 

from the reel A to reel H. Out. 
i the far side of it is secured to the 
ipeed cone pulley. This is driven 
about if horse power, which also 

the Bears shown, the s procket 
etolne grooved cone polley is a 
a jockey pulley L, nnil a brake. 



si the belt onto the __. 

the starting and stopping of the 
d independently of the driving 
ng quickly accomplished avoids 
Both reels are alike and each is 
made in two pieces. The upper 
reel is loose on its axle and its 



clutch, the clutch always rotat- 
ing faster than the reel so that 
the used film delivered by the 
sprocket pulley B is wound as 
as fast as delivered. K is the 
front face of one red. the boss 
on it pushes into the tub* on 
the other half H, which serves 
not only to unite thetwohahrss. 
but also to secure the end of the 
ubB which is doubled UnotaA J. 
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from 40 to 60 periods per second. A cloth bag is used to introduce the 
plate to the slide. 

A catch holds the plate until it is desired to let it fall. Inside the case, 
is a small motor, 100 or 200 volts direct current, driving four mirrors 
which are fixed about a common axis with their planes parallel to it. - 



. 2 .624 .■ — Portion of oscillograph record taken with cinematograph film camera, showing 
the ruuh of current and sudden rlae of raltage at the moment of neilcMng on a hi t h 
pressure feeder. 

By looking through a small slot in the end of the camera into these 
rotating mirrors, the observer sees the wave form which the oscillograph 
is tracing out and is thus able to make sure that he is obtaining the 
particular wave form or other curve desired before exposing the plate. 



Fig. 2.6: 

ationa produced by sparking at the switch contacts. 

The plate falls into a second red cloth bag which is placed on the 
bottom of the slide. The plates used are "stereoscopic size," 6M" X 
ZH" (17.1 X 8.3 cm.). 

Ques. For what use is the cinematograph camera 
adapted? 

Ans. For long records. 
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For inrrtnnr*, in investigations, such as observation on the paralleling 
of alternators, the running up to speed of motors, and the surges which 
may occur in switching on and off cable, etc The cinematograph craw 
fits on to the falling plate case and by means of which a n 

graph film can be driven at a uniform speed past the fiip , . 

en&bliru; records up to 60 metres in length to be obtained. An interior 
view ofthn cinematograph camera is shown in fig. 2,621. 




Pic. 2,626. — Cunos reproduced 



TIME IH FRACTIOUS OF, 

1 from an article by J. T. ! 
by the oeolloifaph?' 



Fin. 2.82S.— Pleasure wmve obtained from ni 
• • ■'imributioo of field flux. The t* 
, 60 eyelet; about IT volts. 
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SOME OSCILLOGRAPH RECORDS 



Fig. 2,629. — The wane of voltag* mad rament of an aitaiaatiaa eec. A, vaMasa were: B. 
current wavn allowing low pomr factor of the arc without ■r»aj«it phase COtpUcement 

Tig. 2,630. — Rupturing 550 volt circuit. A, cuirent wan; B, 35 cycle wave to mark time acate. 
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CHAPTER LXIV 

SWITCHBOARDS 



General Principles of Switchboard Connections. — The 

interconnection of generators, transformers, lines, bus bars, and 
switches with their relays, in modern switchboard practice is 
shown by the diagrams, figs. 2,636 to 2,645. The figures being 
lettered A to J for simplicity, the generators are indicated by 
black discs, and the switches by open circles, while each heavy 
line represents a set of bus bars consisting of two or more bus 
bars according to the system of distribution. It will be under- 
stood, also, in this connection, that the number of pole of the 
switches and the type of switch will depend upon the particular 
system of distribution employed. 

Diagram A, shows the simplest system, or one in which a single 

C:rator feeds directly into the line. There are no transformers or 
bars and only one switch is sufficient. 
In B, a single generator supplies two or more feeders through a single 
Bet of bus bars, requiring a switch for each feeder, and a single generator 
switch. 

o generators are employed and required and the addition of 
>n switch. 

D, represents a number of generators supplying two independent 
circuits. The additional set of bus bars employed for this purpose 
necessitates an additional bus section switch, and also additional selector 
switches for both feeders and generators. 

E, shows a standard system of connection for a city street railway 
■ystem having a large number of feeders. „•■..,, Coo 
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This arrange- 
ment aJkiWil any 
group of feeders 
to be supplied 
from any group 
of generators. 

It also permits 
the addition of 
a generator 
switch for each 
generator. 



bank, switch 
and line. The 
arrangement as 
shown at P is 
used where a 
number of 
plants supply 
the same system. 
G, represents 
a system having 



transformer 
switch is used 
on the high ten- 
sion side. 

number of gen- 
erators con- 
nected to a set 
of low tension 
bus bars through 
generator 



1,874 HAWKINS ELECTRICITY 

I, shows the connections of a system having a large number of feeders 
supplied by several small generators. In this case, the plant is divided 
into two parts, each of which may be operated independently. 

J, represents the arrangement usually employed in modem plants 
where the generator capacity is large enough to permit of a generator 
transformer unit combination with two outgoing lines. By operating 



Pig. 2.647. — General Electric small plant alternating current switchboard, desitnid fa 
usi in small central stations and isolated plants. They are for use with one set of bus ban. to 
which all aenerators and feeders are connected by means of single throw lever switches or 
circuit breakers, suitable provision being made for the parallel operation of tie i 

in parallel oa the high tension side only, any generator can be ri 
any transformer. The whole plant can be run in parallel, or t 
parts can be run separately. 
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Switchboard Panels. — The term "panel" means the slab 
of marble or slate upon which is mounted the switches, and the 
indicating and controlling devices. There are usually several 
panels comprising switchboards of moderate or large size, these 
panels being classified according to the division of the system 
that they control, as for instance: 



2,648.— C 


ouse-H 




r and around detector 


radial switch 




;d for 






witcbboard. ' 


he switch prop 




on the rear of th 






hamfwiiti° 


dial, and inoV 






side. Th 






are of 


hard brass 








machined aft 




g. The eontac 






the plunge 


ST." 


I^'-l 


V! 1 ..;. 


7S5fc£ 


'*dt,'~!~t. 1 


ns. Ground de eotor c 
-.GN+.andGN-fo 


Tree 




Wh 








ground detector 








(fir a 






uits for ■ tb 




that i 








mdgrou 
r and fou 




-c tor switch foi 










for ground lie tec to 




ts for voltmeter readings 






ground de 










system, h 


s four circuits for around de- 


uctorand 




cuitsfor 


voltmeter readings. 











HAWKINS ELECTRICITY 



1. Generator panel; 

2. Feeder panel; 

3. Regulator panel, etc. v 

In construction, the marble or slate should be free from metallic 
veins, and for pressures above, say, 600 volts, live connections, terminals, 
etc, should preferably be insulated from the panels by ebonite, mica, 
or removed from them altogether, as is generally the case with the alter- 
cating gear where the switches are of the oil type. 
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Pics. 2,640 and 2.060, — Wiring diagram* of C 



__. _,.... . ..,.._.. .. .. _ .. _. . . i voltmeter and around det« 

■witches. Fig. 2.64B voltmeter iwitsh; Eg. 2,850 voltmeter and ground detector air 
A view of the switch it shown in fig. 2.048; it is designed for ih on two or three 



The bus bars and connections should be supported by the framework 

at the back of the board, or in separate cells, and the instruments should 
be operated at low pressure through instrument transformers. 
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Generator Panel. — This section.of a switchboard carries the 
Instruments and apparatus for measuring and electrically con- 
trolling the generators. On a well designed switchboard each 
generator has, as a rule, its own panel 



oanels. K< 



_.„ ... fuaej F. A., direct 

ninner; F.S., field iwiteh; G.C.S.. governor control uritch; LJS., 
luded with governor motor); O.S.. oil (witch; P.I.W., polyphase indi- 
-; P.W.M., polyphase watthour meter; P.R., presiure receptacle; P.P., 
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Pics. 2.B54 and 2,855. — Diagrams iHustratdng a simple method of determining bus capac- 
ity as suggested by the General Electric Co. Pig. 2.664 relates to any panel; the method i* 
as follows: 1. Make a rough plan of the entire board, regardless of the Dumber of panels 
to be ordered. The order oj panels eh ..... 

copper and best adapted to future ext 
o£ board everything pertaining to exciter buses, and on other aide everything pertaining 
to A. C. buses. 3. With single lines represent the exciter and A. C. buses across such 
isjly extend and by means of arrows indicate that portion of each boa 

■F- 

_. is for the exciter bus. 4. On each panel mark its ampere rating, 

that is, the maximum current it supplies to or taktsfrom the bus. For A. C. alternator panda 
theD.C.ratingistheeicitationofthemaohinea. 5. Apply the following rules consecutaOy. 
and note their application in fig. 2.854. (For the salts of clearness ampere ratings are 
shown in light face type and bus capacities in large type.) A. Always begin with Us tail 
of the arrow and treat "generator" and "feeder" sections of the bus separately. B. iJtts 
capacity fur first panel = amp ereralini of panel. C. Bus capacity for each succeeding panel — 
ampere rating, of panel plus bus capacity far preceding panel. (See sums marked above the 
bases in fig. 2.654.) D. For a panel not connected la a bus extending across it. use tha smaller 
value of the bus capacities already obtained for the two adjoining panels. (See exciter bus for 
panel C.) E. The bus capacity for any feeder panel need not exceed Ike maximum for tin 
generator panels (see A. C. bus for panel G) and vice versa (see exciter bus for panel B). 
Hence the corrections made in values obtained by applying rules D and C. The arrange- 
ment of panels shown in fig. 2,954 is the one which is mostly used. The above method 



-■'--■ lecessary to first consider i 

lers at the other end as sho 

i obtained by taking th 



a in fig. 2.85a. 
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In the case of a dynamo, a good representative panel would 
have mounted upon it a reverse current circuit breaker, an am- 
meter, a double pole main switch (or perhaps a single pole 
switch, since the circuit breaker could also be used as a switch) 
a double pole socket into which a plug could be inserted to make 
connection with a voltmeter mounted on a swinging bracket at 
the end of the board; a rheostat handle, the spindle of which 

TO FEEDER OR AUOUIMOHJI 

CURREMT TRWISFORMER 11 | 



Fro. 2.650.— End • 




6. — End view ■howinBfteneral arrangement of switchboard! for 240, 180, and 600 

alternating curat. The cat shows a single throw oil switch mounted on the panel. 
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operates the shunt rheostat of the machine, the rheostat being 
placed either directly behind the spindle, if of small size, or lower 
down with chain drive from the hand wheel spindle, if of larger 
size, a field discharge switch and- resistance, a lamp near the top 
of the panel for illumintaing purposes, a fuse for the voltmeter 
socket, and, if desired, a watthour meter. If the dynamo be 
compound wound, the 
equalizing switch will 
generally be mounted 
on the frame of the 




cases the field rheostat 
will be operated from a 
pillar mounted in front 
of ihe switchboard gal* 
lery. If the generator 
be for traction purposes, 
the circuit breaker is 
more often of the max- 
imum current type, and 
a lightning arrester is 
often added, without a 
choke coil, the latter as 
well as further lightning 
arresters being mounted 
on the feeder panels. 



In the case of a high 
pressure alternating cur- 
rent plant of consider- 
able size, the bus ban 
£Jb£i °il switches, and the 
current and 
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transformers are generally mounted either in stoneware cells, or 
built on a framework in a space guarded by expanded metal 
walls, and no high pressure apparatus of any sort is brought 
on to the panels themselves. 




PlCS. 2,660 In 2.668. — Diagram of connections for three phase feeder panels. Key to symbol*: 
A. ammeter; A.S., tfiree way ammeter >witeh; B.A.S., bell alarm switch; C.T., current 
transformer; P, fuse; O.S., oil switch; P.I.W.. polyphase indicating wattmeter; P.W.M.. 
polyphase watthour meter; T.B., terminal board; T.C.. trip coils for oil switch. 

Feeder Panel. — The indicating and control apparatus for 
a feeder circuit is assembled on a panel called the feeder panel. 

The most common equipment in the case of a direct current 
feeder panel comprises an ammeter, a double pole switch, and 
double pole fuses or instead of the fuses, a circuit breaker on one 
or both poles; in the case of a traction feeder a choke coil and 
a lightning arrester are often added. 



HAWKINS ELECTRICITY 






^ 



$ 



Figs. 2.687 and 2.868. — Diagrams of connections fo 

A «jidAl,arairieWr;C.C.. constant current tran 

discharge resistance; F fuse; F.S., field nrit^LA., li 

iwitcnesT^C.^o'if 'switch trip coilivTmill 
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The equipment of a typical high pressure three phase feeder 
panel is an ammeter (sometimes three ammeters, one in each 
phase) operated by a current transformer, and oil break switch with 
two overload release coils, or three if the neutral of the circuit 
be earthed, the releases being operated by current transformers. 



Fig. 2.6M. — Crouse-Hinda radial a 



The switch when on a large system is often in a cell some 
distance behind the panel, and is then controlled by a system of 
levers, or by a small motor which is started and stopped by a 
throw over switch on the panel, in which case there is generally 
a lamp or lamps on the panel to show whether the switch is open 
or closed. 
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Air brake switches or links ere placed between the bus bars and theo 
switch to allow of the latter being isolated for inspection purposes, and as; 
general rule no apparatus carrying high pressure current is allowed on tli 
front of the panel. With both direct and alternating current feeders,; 
watthour meter is often added to show the total consumption of the dread 

A typical three phase generator panel is provided with three ammeten 
one in each phase, operated from three current transformers, one to eac 
ammeter, a volt meter, a power factor indicator, and an indicatin 
watthour meter, all operated from one or more pressure transformer* 



maximum releases operated by current transformers, or a 




fcNMtTEB 



Fig. 2.670.— Wiring diagram for Crouse-Hmds 
on the front. 



switchboard, and the hand wheel dial and iudicao 



for automatically tripping the switch, lamps for indicating when ti 
switch it tripped, a socket for talking the plug which makes connectio 
between the secondary of a pressure transformer and the synchronia 
on the synchronizing panel, and a lamp for illuminating purposo 
while on the base of the panel or on a pillar at the front of the galferyi 
mounted the gear for the field circuit. This consists of a double pd 
field switch and a discharge resistance, an ammeter, a handle for tfa 



ay great, the oil awitch I 

... . „. .._. .„ ...„, re,ftc.,onthefram™od 

alio nut at the back of the panel, but under no circumstances, in good modem practice, is bid 
pressure apparatus permitted on the front of the board. Where the capacity of the plant is vw. 
large, the oil switches are operated electrically by means of small motors, and in this caaett 
small awitch gear for starting and stopping this motor is mounted on the generator panel, also a 
lamp or lamps to indicate when the switch is open, and when closed. 
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